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Mgy ilOD OF imi'UHMlNG ELEMENT bUKJyACfei, - liiLEMBlIT WITH 

DT^jmpMp;^ c;TmFAf;p ; MLJ ,nuiJ tu" ULiiiUiJALTUHilMC^ KJbfc;MKl^<T With 
FFiiFQPMFn ^M^F ^ P f^ SURFACE TREATMENT LiUUlU *"0K 

Fomiiryc npronMBD uuiaACE, mu nethod o f 



Background of the invention 
Field of the invention 

The present invention relates to a method of 

10 reformingy^surface of an element fer changing ^Ao^ 

characteristics, properties, or the like^ ^^provi^ 
desired characteristics and properties^ whieh is 
applied to the surface of an element (the inner face, 
outer face, or both of the element) or the surface of 

15 an element wh p r se ^if^dUB has been subjected to some 

treatmen^ aft* the present invention .aiee- relates to any 
element subjected to the surface reforming treatment. 

The present invention especially relates to a 
surface reforming method^ which can be carried out to 

20 reliably reform the surface of an element such as a 

fiber, a particle, or a container made of an olefinic 
resin difficult to be ourf o ee^treateet but. harmless to 7**^ 
environment^^ and relates to a method of manufacturing 
an element and a fiber having Reformed surface. 

25 Related Background Art 

Conventionally, though the characteristics and the 
properties of an element are dominated witft the 
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characteristics of the- constituent material, a desj^red 



characteristic irs provided by reforming th^ surface 



ffieans- a reactive g^pup having a reactive property such 



char acfcei is Liu > The desired characteristic^ someti 
3- a reactive c 

5 as v /at Q g rgpclling - yxupeiLj' end hydrophilici^y- or a 
rQaotive group reactive *o an adduct or the like. 

In general, such ^^r^onventional surface reforming 
is carried out by making the surface radical using 
ozone or UV or ozone in combination with UV and forming 
10 chemical bond >arf a main component of a treatment agent 
warfeh the surface. On the other hand, a desired 
characteristic i-^ obtained for a moment* by sacking a 
treatment agent Qiaving tho T.Tor^r desired characteristic l 
ytooLf to the element^ surface without making the 



usually lacking. Especially, rogarQ i mg- 
hydrophilic 



15 surface radicalifvaftd^^m this case, the continuity is 

roqarainQ the ' 




ity foe a^^lefinic resiri/harml ess to 7^*f ^>/ 





is only known that^ incomplete 



hydrophilic condition, which is insufficient thcr 
20 continnilry fnr- a long duvatiof/ , can temporarily be 

provided by mixing a surfactant with a^ treatment agent 

J . p n ri.ir^-? n J ^y^T^M^ i ] H 1 1 < I i j^' Ih the presence of a 
liquid. 

On the other hand, an adhesive or a primer is 
25 conventionally used to form an additive layer on an 

element. R» gording ^hem , in order to use a primer such 
as a silane coupling agent which is bonded to the 
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surface of an element only by ^is chemical reaction, 
the element has to be treated to be reactive. 

AS another typ^^imer, ^'*'-^^]^ ^^^t^ similar 
materials to that of an element am dVdilublt to 
5 utilize the affinity to the element. As such a primer, 
an acid-deformed polypropylene chloride is known whicH 
is used at the time when an upper coating layer of a 

a. 

polyurethane resin is formed on P^^YP^^^P^Jg^® " 
However, in the case where a prime^of a similar 
10 material to tl^t of the surface of an element, the 

element'sio- oonrnqiiently increas^ in Lliu u u lume and ^ 
additional tj f jicciuii - e.a a technique^ to form a thxn ana 
uniform coating. Also, the primer cannot be supplied 
evenly to a fine element or to the inner parts of a 
15 porous body. Especially, the acid-deformed 

polypropylene chloride cannot be used in an aqueous 
solution^ ibSS™ it is insoluble in water ,jSfe way of 
using it is limited. f^t^ItT" 
As a result, no ^t^^^jj^^ available -whieh- 

20 is soluble in water/y**- be ^n aqueous solution and can 
be applicable to form a thin and uniform surface 
reforming layer regardless of the shape of the element y 
even among materials different from that of the surface 
of an element - 

25 ■iu Jc3UJ.ibbi Um pmoUiiL lil^^miUun 111 xtil.iUmi to 

th^ ^rKg-"""^ i > LlaLua - a i!'ts m Uie J. Blev an L 

LicildrX^^ present invention is innovative and aehteveT 



10 
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being based on new findings found by examining *her 




conventional technical standards. jl^fi^ 

-¥he^ Surface reforming o»iy based '^n chemical 

bonding by radicalizing the surface in a conventional 

manner ig TrnJfA to traat an extremely narrow plane but >^ 

often jfetuDuyrtr to Carry out sufficient and even surface 

: ^^f^ or- 
reforming of "the < >hole spherical surf ace^ the inner or 

outer surface of a tube. Further, it is especially 
difficult to carry out the surface reforming treatment 
for the inside of an element comprising a complicated^ 
porous "^axt^ch as a sponge^ a*Rr fibrous composite body^: 
and void parts among fibers. 

In addition Lu LlRiL , in the case where a 
surfactant or the like is added to a liquid, the 
15 surface reforming of an element is not actually carried 
out and thej^bh^ctefistic is lost at the time when the 
surfactant is eliminated and the original 
~ characteristic of the surface itself is- instantaneously 
il(^ppears . 

20 Moreover, though an olefinic resin has excellent 

^ift. water-repelling propert]^ iiiu.iii i njji lliiil the contact 
angle fe<5 water is 80 degrees or higfier^ an* is utilized 
in almost all fields, andy^applicable to a considerably 
wide range of ^se\m,i]^ses, the surface reforming 
method is s eaxcelj^r F ullabl ut to provide a desired 
ijpf^^JiA characteristic^d ur^M n fnr_^ long durotion . 

^J^^ present jnmenLuu huuu LAuiiiliiLa Lu provideS 
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a method for reforming^surface of any element by 
rationally carrying out surface reforming, at first, of 
an olef inic resin and explicating a method for 
maintaining the reformed characteristic and focuse^ 
5 upon the use of a liquid phase treatment solution 

presupposing that the surface treatment is possible ^ 
even^ an element with a complicated shape. 

.Ag- ncw findiny u o£ invuiiLuiJ J u £ ' Uh t i yru sent ^ 
im vaft'fl O ft r^^e inventors have found that the balance 
10 between functional groups (e.g. hydrophilic groups) and 
the surface of an element to be treated is well 
controlled to be^ desired state by utilizing the 
surface energy in a relation between the surface to be 
treated and a polymer having the functional groups 

i 

15 (e.g. hydrophilic groups)^ and that the durability of 
the reformed surface and the stability of the quality 
can further be heightened by analyzing the polymer 
itself. 

20 SUMMARY OF THE INVENTION 

The following is the description of the 
technological objects to be solved by the present 
invention. The present invention is neither t» process»»j^ 
an element in the above described manner ^^^^^^^flM^ 
25 radica Am&in q the ohQrQat Q Ta ^tier t5r'''^n--ej:gmgnt with MO/m 
ozone or UV rays nor to form a primer coating e#-snc*r 
a silane coupling agent, which sometimes causes 
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coating unevenness^but aims mainly to provide an 
innovative surface reforming method capable of carrying 
out ^ desired surface reforming based on a new 
mechanism and a treatment solution to be used for the 
5 method, to provide an element obtained by the method, 

and to provide the surface structure itself obtained by 
the surface treatment. 

A first purpose of the present invention is to 
provide a liquid-phase treatment solution capable of 
10 carrying out a desired surface treatment,^ aKwft©le 

inner surface of an element having a complicated shape, 
such as a porous body and a finely processed element, 
and a surface reforming method using the treatment 
solution. 

15 A second purpose of the present invention is to 

provide a new surface reforming method capable of 
maintaining the reformed characteristic for a long 
<^^e4±^^as^ compared with a conventional method for an 
olefinic resin, which hag hnmn 4,u p iJu^ua in In difficult 

20 tO'p^ treat o* for ourf^ u c xufunKluy , and to provide a 
surface structure itself. 

A third purpose of the present invention is to 
provide a new surface reforming method capable of 
forming a ^ - il^ T layer i&f a thickness ifff a molecular 

25 level, preferably a monomolecular level, as a reformed 
surface itself without changing M structure of an 
element or with scarcely increasing the weight of the 



element and to provide a surface structure itself. 

A fourth purpose of the present invention is to 
provide a treatment method with which a desired 
reforming can freely be carried out by introducing a 
new mechanism into a surface reforming method rtse**. 

A fifth purpose of the present invention is to 
provide a method for easily manufacturing a surface- 
reformed element with high productivity. 

A sixth purpose of the present invention is to 
provide an innovative method for reforming^ element > 
surface utilizing interfacial physical adsorption based 
on an energy level approximately similar to cleaving of 
a polymer from the view point of interfacial energy of 
a group (or groups) of the polymer. 

A seventh purpose of the present invention is to 
provide an innovative surface reforming method capable 
of evenly reforming a circumference of an element. and. 
at the same time to provide a surface structure which T^W 
has not been obtained >r a conventional manner from the 
view point of the wboie circumference of the surface 

structure itself. 

Other purposes of the present invention may be 
understood from the following descriptions, and the 
present invention can achieve compounded purposes in an 
optional combination of the abov^^scribed respective 



The following inucwtji a no are included in the 
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present invention in order to achieve the above* 
described purposes. 

One aspect of a surface reforming method of the 
present invention is a g uif ae^e ref e rroing - method for 
5 reforming a part of^rface by providing a partial 

surface, which composes at least a part of the surface 

of a prescribed element, to be ^^^-^j^^^y^^^^^^^^^ 
reforming with a functional group* fog ouir^DOO DFofcirming 
and is characterized in that the above ■ dcacjiribed supply 

10 of the functional group to the nhmrn dnrrr ibnd partial 
surface is carried^by a method involving a first step 
of supplying, to the a U j vc de^suilLlid partial surface, a 
liquid containing a polymer^ which is different from a 
constituent material of the partial surface and which 

15 composes a first part having %he- functional group^, and a 
second part having a group with an interfacial energy / 
j^jf" approximately equal to the surface energy of the 
partial surface but different from the interfacial 
energy of the forgoing functional group and a second 

20 step of orienting the second part of the oLovLr 

deACiribc d— polymer toward the a b ovf> dtHuWiiiAl ii ja partial 
surface and orienting the first part toward =fehe 
different side from the atn IWH- llH.H r!' liMJl partial 
surface. 

25 Another aspect of a surface reforming method 

according to the present invention is a cwyf goo 
re^rmAng method for reforming a part of the surface by 
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providing a partial surface, which composes at least a 
part of the surface of a prescribed element, to be 
subjected to the surface re^^^- a functional 
group fpg^ui-iuuL iLniimVnj nnf^- is characterized xn 
5 that tb^ cAu.,.^ Jlr>:mw-i hrrh-^sxrpptT^ the functional ^group u> 
to the <.hrnrr flp-rrlhad partial surface 1^ „ r^s by a 
method involving a first step of supplying, to the 

partial surface, a liquid containing 
fractionalized (^agmented) product^which are obtained 
10 by cleaving of a polymer composing a first part having 
the abo<@escribed functional group and a second part 
having a group with an interfacial energy = * 

approximately equal to the surface energy of the 
partial surface but different from the interfacial 
15 energy of the forgoing functional group and which 

contain the aboaa.ia««e**be*. first part and the aJwrrer- 
da«ert*«* second part, a second step of orienting the 
second part of the .L iuim inrrrib^ fractionalized 
products toward the UybLi 1-TO partial surface and 

20 orienting the first part toward ^ different side from 
the abuue. daoortBSa partial surface, and a third step 
of at least partially polymerizing the fractionalized 
products oriented on the ubuuu lIujli llim partial 
surface by condensation polymerization. 
25 one aspect of an element having the surface 

reformed ^^^d-S'f the present invention is an 
element provided with a polymer compound in a partial 
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surface composing at least a part of the surface and is 
characterized in that the above docfrrihpjl polymer 
compound is a material wScEis either soluble in a 
solvent or has a main skeleton different from the 
material at least partially composing the forgoing 
partial surface and which comprises a first part having 
a functional group for reforming the i^hnTrn rlnrnrihnrl 
partial surface and a second part having the 
interfacial energy different from the interfacial 
energy of the a b ov o -" < »^e»g*bg > d »functional group and 
approximately equal to the surface energy of the abovo - 
descrrtbed partial surface «**>«-' " Li UUijUi iLUd 
second part is oriented toward the ubuou dL^LillJLil 

partial surface and the jii 1' ' i Mu il first part is 

oriented in the direction different from that of the 
abewr-UyyUliUtld partial surface. 

Another aspect of ^n element having the surface 
reformed ^ a method of the present invention is an 
element provided with a polymer compound Jji a face made 
of a polymer material having 80 « or wldar contact angle 
j£^ater*^^r^aracterized in that the qbovo - 




rini '•''"^ polymer compound is a material uhibhr is 

either soluble in a solvent or ha^wssg a main skeletal 
structure different from the abQT . Ta rlnrrrih«a^ polymer 
material and which comprises a first part having a 
hydrophilic group and a second part having the 
interfacial energy lower than the interfacial energy of 



"li- 



the a ?7U vy - GesiM ' i - bed hydrophilic group and approximately 
equal to the surface energy of the above dese g Ab e d face 
made of the polymer material^ and the abevtr dyyuillSeCl 
second part is oriented toward the face made of the 
5 alHJua dytJ(3ixl!>ed polymer material and the^-obovc - ■ 
d&M£»4fbe^ first part is oriented in the direction 
different from that of the face made of the abov o , 
d&sw4beA» polymer material to g - iv er hydrophilici^ to^ 
the face made of the ^Loul. duuuMbe d polymer material. . 

10 A fibrous body withy^reformed surface formed Jay the i^lt^ 

present invention is a fibrous body made of a fiber, 
having an olefinic resin at least in the surface and 
provided with a polymer compound in the rxbOTre duLiuji'ibLtl 
surface jand* iB characterized in that the afe^V^^^ 

15 descaciJayadi^polymer compound is a material whic h, is 

either soluble in a solvent or ha w^ a main skeletal 
structure different from the nh nirr -^7"'"— material 
forming the surface and which is a polyalkylsiloxane 
comprising a hydrophilic group and the alkyl group of 

20 the polyalkylsiloxane is oriented toward the tJbuyy 



/^^oi^y-f l ^pf^ surface and the ntnmT i mw i rteio g Pllpg^ hydrophilic 
group is oriented tewm?d Jbbe direction different from 
the nhnvr ^MiHiiiilnMr m f ii i side to provide the abrrTW 
daecrrtbed surface with hydrophilic4jM^ 
25 One aspect of a method for manufacturing a fiber 

withjpeformed surface >^ the present invention is a 
method of manufacturing a fiber having an olefinic 
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resin at least in the surface and provided with a 




reformed surface havinn hydrophilic^Jfei/ in-thfj^hnvp. 



first step of supplying a solution containing a 
5 dissolved alkylsiloxane polymer having a hydrophilic 

group to the above dejoiJibe ^ surface and a second step 
of orienting the cJ a ovQ doooribfl i d alkylsiloxane to the 
nhnvTv ^pyn^"^""^ surf ace^ and orienting the ubuvB ^ 
dooggibod hydrophilic group in tt*^ different direction 

10 from the abovo dcipui-'ibi^d surface. 

Another aspect of a method of manufacturing a 
fiber witly^ reformed surface the present invention is 
a method of manufacturing a fiber having an olefinic 
resin at least in the surface and provided with a 

15 reformed surface having hydrophilicj fty in the -above 

describecrf^urface - mid is e^haraetcriaed by comprisinftg a 



first step of supplying to the ^Hr^-tro Hp-;pri>bf^fl surface 
a solution containing dissolved f ractionalized products 
obtained by cleaving of an alkylsiloxane polymer having 

20 a hydrophilic group and a second step of condensing the 
nhmrn li^r — ^-'hn^ fractionalized products on the ab ov a 
^oswibAfiU surface, orienting the abovo - darrrihe d 
alkylsiloxane to the above d iggegibed surface and 
orienting the jlaove ' dw poopibod ^ hydrophilic group in the 

25 different direction from the abcwp doogTrihffifi surface. 

Another aspect of a method ofc manufacturing a 
fiber with^ref ormed surface Jk/^ the present invention is 
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a method of manufacturing a fiber having an olefinic 
resin at least in the surface and provided with a 
reformed surface having hydrophilicatt$i iii lli^ nhmrm 
d r Tor n hrd m i gfi n rm nnti ic rrhnrrtntnrl i nrr! ^^mpri^ffig a 



5 step of forming a fiber surface coated with a treatment 
solution containing a polyalkylsiloxane having a 
hydrophilic group, an acid, and an alcohol and a step 
of drying the treatment solution coating the njUuve 
^deeerfflEJea fiber surface at a temperature higher than ^^f^ 

10 room temperature. 

Another aspect of a method of manufacturing a 
fiber with^reformed surface *y the present invention is 
a method of manufacturing a fiber having an olefinic 
resin at least in the surface and provided with a 

15 reformed surface having hydrophilici-fiy in Lhb! uUuvb- 

^^^r.r^m-; In n ninrf n r.Fi> and Is characterized by comprising a 
step of forming a fiber surface coated with a treatment 
solution containing a polyalkylsiloxane having a 
hydrophilic group, an acid, an alcohol, and water and a 

20 step of drying the treatment solution coating the abovo 
j^rrTPTT^ni^ fiber surface while making the -bibrnve 
d^acxiJaed surface hydrophilic by orienting the above 

^ rw 

dogcribod hydrophilic group in tho oppeood direction^to 
the abovo dojurlLuJ surface. 
25 Another aspect of a surface reforming method 

according to the present invention is a surface 

reforming method of the surface of a prescribed element ij^^ i 
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^ai^A ^s chQgaotcriisQd -' pbyiMSOinpBloi - ng a first: step of 
supplying, to the above deaet- ' ibed surface, a liquid 
containing a diluted sulfuric acid, a volatile agent 
for reforming the affinity with the element'^ surf ace and 
a treatment agent of a polymer comprising a second part 
having a group with an interf acial energy approximately 
equal to the surface energy of the abov^J^escribed 
surface and a first part having a group with an 
interfacial energy different from the abov^^'^'^^^"^'^®^ 
interfacial energy, a second step of removing the above 
etesnrttred agent for reforming the affinity by heating 
the resultant surface, a third step of cleaving the 
polymer in the^^abovQ degcribad treatment agent by 
concentrating the above dcoGgibcd diluted sulfuric acid 
to d concentrated sulfuric acid, and a fourth step of 
condensing the ring-opened polymer on the crbuVB 
desui ' l ' LieJ surface and at the same time orienting the 
second part of the polymer toward the abuve dyyuxlbyd 
surfdqte/ and^orienting the first part dn LIib Jifreieiil 
sid^ from the above desg g ibad ■ surf ace. 

Another aspect of a surface reforming method 
according to the present invention is a method for 
reforming the surface of an element by introducing a 
functional group to the forgoing surfac^^aad- is 
characterized by involving a step of condensing 
f ractionalized products comprising a second part having 
a group with an interfacial energy approximately equal 
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to the surface energy of the ab ove Jusuiibei i surface 
and a first part having the ab ow dcuu x ibcni functional 
group and obtained ^by cleavincf^ a polymer compound 
having the abovie'^'TJ^snrtBsa first par± a nd the a bov e 



lIuul 1 I MUM second part in the^ gonfi^i tAun lihuiuiliT the 
fractional ized products are oriented based on the 
affinity of the group having the interfacial energy 
approximately equal to the surface energy with the 
abover-(5t55Cr±bed surface. * 

Another aspect of an element having ay^ reformed 
ciyrf ai^o by the present invention is an element having a 
reformed surface into which a functional group is 
in1-rnriurrr1^ nnn ir ^^-^-^-^^-^'•-•^^ r*'^^ Kr.r.-r-f a condensate 
substance of f ractionalized products in the above > 

0 IT" 

de9GKb€d surf ace^jand- (bhe abovo desrrihprl . 
fractional ized products comprise a second part having a 
group with an interfacial energy approximately equal to 
the surface energy of the abuvB dtii^Cx xbeH surface and a 
first part having the-^ abovo"-dcooj i lbuif functional group ^ 
Qgo obtained by cleaving a polymer compound having the 
ab ove ck 



lesccijted fiirst part and the. tAb o ue JeACj 
second par-^^^oM^ are condensed in tho" uunJiL'lUH wlAexeih 
t hr - ' fi gfi Hl i I i': r tn i 1 prnfiunt '7 are oriented based on the 
affinity of the group having the interfacial energy 
approximately equal to the surface energy with -the*- 

abovo de u uxibcit surface. y^^t/l^^"*^ 
Another aspect of an element having a* reformed 
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fstrrrace^by the present invention is an element having a 
circumferential part of a curved face forming a closed 
circular shape as an outer circumferential cross- 



3n^^4ad i 



sectionC-4»d is characterized in that the abov e 
douuilLUO outer circumferential part has a J&s^ coated 
with a film containing a polymer and circularly 
surrounded with the film in one closed turn ^ae to 
reform the forgoing surface part^ and |the above- 
fj^nnri polymer compound is a material vmloh - is 
soluble in a solvent or has a main skeletal structure 
different from the material of the surface of the 
element and which comprises a first part having a 
functional group for reforming the abovef^JesiC'ribe* 
surface and a second part having the interfacial energy 
different from that of the abovo doaaribed functional 
group and approximately equal to the surface energy of 
the abovg defroriiitrafi surface, and fthe above de^u-Hjitad " 
second part is oriented toward the ^buve dBSjcrlbfea T 



surface and the abov&-de g Q3!^ffcbcd first part is oriented 
in the direction different from that of the ■ ab e vo 
dtescrTBeH surface. 

Another aspect of a surface reforming method of 
the present invention is a gurfaooi iiKLlULmliiy ' method for 
reforming the hydrophobic surface of an element to -beT^'l^W 
hydrophiliCi^aftd is c ^kuiuu Lei liyiT Ir g liwoliikLuy a step of 




hLIcKIi^; to the ab O T i T O deoetfibe d hydrophobic surface, 
fractionalized products comprising a hydrophilic group 
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and a hydrophobic group and obtained by cleaving a 
polymer compound having the abovo ■ doooigA b o d hydrophilic 
group and the abevG -' dc s ei^ibQd k hydrophobic group ^n q .^/i- 
m anner thnt'^^lTr nhn-fi flfryTifiliffijij^"^^ hydrophobic group is 
5 oriented in the surface side of the ahov^ dfPiffrr ili^Fviiw 

hydrophobic surface and the ^'^i^fSJ^ALTtg'^ hydrophilic 

group is oriented in j£h^^direction different from that 
of the hydrophobic group. . 

Another aspect of an element having a reformed 
10 mirfnnr }1Y '^^^ present invention is an element tiaving-^-a. 
hydrophobic surface w-hich is reformed to be a 
hydrophilic surface , ^ad Lu Wllltill^^actionalized 

products comprising a hydrophilic group and a 

^^bfrt Are 

hydrophobic group ^a»d obtained by cleaving a polymer 

15 compound having the above docoribo d hydrophilic^^^gp^^^^ 

and the^abovG— de^ufTpgd hydrophobic group are Gtueh in 
M 

a - manner " that the nhnn o rtese>i ? ibo d hydrophobic group is 
oriented in the surface side of the above dcoorAbod 
hydrophobic surface and the ahoy c^dGSggibed hydrophilic 

20 group is oriented in Jtke direction different from that 
of the hydrophobic group. 

A surface treatment solution to be used for the 
surface reforming according to ^i^^resent invention is 
a ourlaoe LiUcJU t lto t solution t o be uaed for a curf ne e 

25 rrafnrmlng mQtl i ml fr r rnrryinq pUt niirfnnr ii T i 1 1 If H nf^ 't ^T 
suppl yir^ a functional grou^ ^Sor roformAng to a-paPtjAa l 
gXX jijQoe liei be i ' L.£ui. ' med ecjun^mjiriy lUdbt^ a yujjtj ul Lhu *' 
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- fcrnrfaee. of a pgQcogAbo d. olaiiiaHt aind is characterized by 
containing a polymer provided with a first part having 
a functional group and a second part having the 
interfacial energy different from that of the ■ obovo^ 
5 d o uorlbeJ functional group and approximately equal to 
the surface energy of the jUjoue dead ' Abed partial 
surface, a volatile solvent having sufficient 
wettability to. the above desuillAJQ element and being a 
good solvent >€J the polymer^and^j^Sr^T^v^^^patalyst ^ 

10 the uiai3tfLJClU£M^ polymer, ^ ^ 

The surface treatment solution may further contain 
a volatile solvent H=>^y-irij Mr^tiilri 1 i ty to the -ubuve 
doooarAibQd element and ,hPi''''^C? a good solvent tl^e 'd'^^^^^^^^ 
(JouuiLibuJ' polymer. A method of producing such a 

15 surface treatment solution is characterized by 

dissolving the abcrvti dfeiSiijl'lUe* polymer in a volatile 
solvent having sufficient wettability to the above - 
deaciibfi«i element and being a good solvent JeTthe abo vbi 
dooori-bod polymer and then^ixing a volatile solvent 

20 having no wettability to the ^r^xro. rfj^-^rriihrri element 

and being a good solvent "bo the above dcioogDaba d polymer 
to the resultant solution. 

Another aspect of a surface refoirming method 
according to the present invention is a -s^wp^aee 

25 £a£Q£]BUAg method for carrying out surJEace reforming for 
a partial surface of an element ^ind. is characterized by 
reforming the surface by carrying out, on the nhnvg,^ 
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d k iacilLua partial surfac , condensation polymerization 
of ring-opened polymers oriented based on the affinity 
of the interfacial energy of a group similar to the 
surface energy of the partial surface of the element. 

Another aspect of a surface reforming method 
according to the present invention is a our face 

p^fgrmiag method for c arryin g a u'te our^gQoa reforming 

a partial surface, of an element using a liquid-phase 
polymer^ -aftd is characterized by involving a 



10 condensation step to bo carried out on the ■ above 

imrrihnd- partial surface by condensation-polymerizing 
f ractionalized products of a polymer comprises a first 
group having a functional group poooftb3rf> fbo > Mbo ring- 
opened andy^ condensation polymerizable.^and a second 

15 group having an interfacial enercfy^'approximately equal 
to the surface energy of the partial surface of the 
element . 

Another aspect of an element of the present 
invention is an element wilctL has a surface comprising 
20 at least an olefinic resiig)aAd^ reformed by being made 
hydrophilic and is characterized by having a liquid- 
contacting ^^ct^oe^ structure having^ practically ^ 



reciprocally a hydrophilic group with a relatively long 
chain and a hydrophobic group with a relatively short 



.y snorx j 

25 chain i ' ■iuuim inui f^^p^^j^ lu^fj f-^^^f^y^ rormed 

by r^Miiiiiiiij I i^^^TAmnr.^- rnatntj iftth a treatment 
solution containing a polymer having -fehe hydrophilic 
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. group and a group with an inter facial energy 
approximately equal to the surface energy of the 
element surface comprising at least the above dnn f rrih n d 
olefinic resin as a constituent component, a diluted 
5 sulfuric acid as a cleaving catalyst ef the ^cive — 
rtrnrrrihrrl polymer, and an alcohol, evaporating the 
treatment solution coating the a bove dcajuxlbeiJ element 
surface and simultaneously concentrating the diluted 
sulfuric acid to be a concentrated sulfuric acid on the 
10 abovG -de^ffgTBfed element surface to ring-open the abuvw — 
d oGoribod polymer, and then condensation-polymerizing 
the ring-opened products. 

BRIEF DESCRIPTION OF THE DE^WINGS 

15 FIGS. lA and IB are schematic^v figures illustrati^ig^ 

the adhesion state of a polymer as a surface reforming 
agent formed on the ob j co'b ' s^urf ace to bo gQfogrm&d - of an 
element (a substrate) to tho olomont u uxlaim In a 
surface treatment method of the present invention^yatrd" 

20 FIG. lA ia a figure illustrati«g the case where a 

polyme^ has a first group as a functional group and a 
second group for adhering to the element surface both 
in the side chains^ aft* FIG. IB lu a Ilyuie^ illustrati»€f- 
the case where the second group is contained in the 

25 main chain; j 
FIG. 2 is a schematic figure illustratiftg^the 
state of applying a treatment solution containing a 
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polymer as a surface reforming agent and forming a 
coating layer on the substrate in a surface reforming 
method of the present invention; 

FIG. 3 is a generalized figu r e illustrati^^^he 
step of partially removing a solvent in the coating 
layer formed on a substrate and containing a polymer as 
a surface reforming agent in a surface reforming method 
of the present invention; 

FIGS. 4A and 4B are generalized figures - 
illustrati^^he step of^partial dissociation of a 
polymer as a surface reforming agent caused by an acid 
added to a treatment solution following the step of 
partially removing a solvent in the coating layer 



containing the polymer ao a gurffir i fi 

15 FIG. 5 is a generalized flyuie illustratiftg 'the 

step of orienting a polymer as a surface reforming 
agent or its dissociated and f ractionalized products 
following the step of further removing a solvent in the 
coating layer containing the polymer as a suglaee 

20 3r4>.f OLmxiiy d^eiiT:; j 

FIG. 6 is a generalized figure illustrating /i the 
step of orienting a polymer as a surface reforming 



agent or its dissociated and f ractionalized products 
and s^fricJrfrftg' and fixing them on the surface following 
25 the step of drying and removing a solvent in the 

coating layer; •/ 
FIG. 7 is a generalized figure illustrati-«g /the 
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step of re-bonding dissociated and fractionalized 

products *one another derived from a polymer as a 

surface reforming agent, , which is etueig} and fixed to 

ft/ ^ 
and on the surface,, by- condensation reaction; 

- OH^ 

FIG. 8 is a generalized M g u g e > illustrating^'^an 

embodiment of a surfape reforming method of the present 

invention applied to^a hydrophobic surface to convert 

tho ourlaub! Llt be hydrophilic^ana chewing the effect of 

adding water to a treatment solution; 

FIGS. 9A and 9B are schematic f igurogr^ illustratiRg- 

an embodiment of a surface reforming method of the 

present invention applied to the, ta f euliuBiiL uf making a 

hydrophobic PP container inner wall f ace-ber^hydrophilic^ 



9^ 

aftd- FIG. 9A is a schematic f lyuj.e illustratia^/th'e 
untreated inner wall face of the PP container;, a»d FIG. 



0V\ , 

9B is a schematic figure illustrati»g^the inner wall 



i 

^the inne: 

face coated with a hydrophilic agent following the 

treatment el providing hydrisiphilieifey ; 

FIGS. lOA, lOB, IOC and lOD are f-iguxuTT 

illustrating ca PE/PP fibrous body usable for an ink 
A 

absorbent in an ink tank^FIG. lOA is a schematic 

Oh k - ' 

<^iguTg illustrati«gr%ha- utiliza-tdon-^embodiment. as an 

ink absorbent in an ink tankg^eAd* FIG. lOB, FIG. IOC, 

and FIG. lOD are. schematic figur& g rosp o ct A voly 

illustrati?Ji^the whole shape of the PE/PP fibrous body 

and the orientation direction Fl of the fibers and the 




direction F2 fotytangular to the direction Fl, the 
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^'gy^rih^f^ PE/PP fibrous body in the state before 
formation by thermal fusion, and the above Jesuj-lbuJ ' 
PE/PP fibrous body in the state after formation by 
thermal fusion ; 

FIGS. IIA and IIB n rf^ f .iq iim i 1 1 1 un 1i i n ! i n j one 
example of a cros^^'®*^*^^'^ e*rticnrre of a PE/PP fibrous 



body shown in the FIGS. lOA to 10D;a»d. FIG. IIA is an 
example of approximately concentrical-iy coatmg^'a PP 
core material with a PE sheath material, €Mft# FIG. HB is 

10 a schematic flyujiL f illustrati-ng^ the example of 

eccentrically coating a PP core material with a PE 
sheath material; 

FIGS. 12A, 12B, 12C, 12D, 12E and 12F nrr figiirrjT 
illustrating an ambodlmeiiL 01 ' application^a surface 

15 reforming method of the present invention to ish e- 

t j g CQ'bmettt fo r making^hydrophobic surface of the PE/PP 
fibrous body shown in FIGS. lOA to lOD fee-hydrophilic^ 
aA€k FIG. 12A is a schematic tAgure of an untreated 
fibrous bod^ FIG. 123 schematically illustrates the 

20 step of immersing the fibrous body in a treatment 

solution for making the surface hydrophiliqg) -aft* 
FIG. 12C schematically illustrates the step of 
pressurizing the fibrous body after immersion and 
removiftgfthe excess treatment solution. FIGS. 12D to 

25 12F are partially magnified figures of FIGS. 12A to 
12C, respectively; 

FIGS. 13A, 138, 13C, 13D, 13E and 13F ■ tfie fiyuiyS 
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6- 

illustrating" the steps successive to the steps 
illustrated in FIGS. 12A to 12q[J^9ftd FIG. 13A is a 
schematic igupc illustrati^^he coating layer formed 
on the surface of a fibrous bodj^FIG. 13B 
5 schematically illustrates the step of drying and 

removing a solvent contained in the coating layezj^^end 
FIG. 13C is a schematic £iy uinr illustrating the coating 
on the surface of the fibrous body with an agent for 
making the surface hydrophiliCp ^ FIGS. 13D to 13F are 
10 partially magnified flyuna^ ul FIGS. 13A to 13C, 

respectively; ^«4„..fiC*.+.««) 

FIG. 14 is a SEM photograph o^/l50 m agnii6i>oatiQn0 - 
^ubLliluliiilJ IIIM flytfitf illustrating untreated PP-PE 
fibrous shapes and their surface state of a reference 
15 example (an untreated PP-PE fibrous absorbent); 

FIG. 15 is a SEM photograph ©f- 500^ magnif icQ t i e n6 > 
gnl^fiti tntinrr t hf riqiirr inn-trntinq untreated PP-PE 
fibrous shapes and their surface state of a reference 



example (an untreated PP-PE fibrous absorbent); 

^^,000^ 



FIG. 16 is a SEM photograph ^clL^, 000 
i p ngni f i ) Mil l III I ii l i l itntinj th Q fiqiirf^ illustrating 
untreated PP-PE fibrous shapes and their surface state 
of a reference example (em untreated PP-PE fibrous 
absorbent ) ; HK^I j 

25 FIG. 17 is a SEM photograph e# 150 jaag ulllutt Llun s 

j-.uLutl luting LUy flyuiij illustrating acid-treated PP-PE 
fibrous shapes and their surface state of a comparison 
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example 4 (PP-PE fibrous absorbent treated only with an 
acid and an alcohol); / ^ r i 

FIG. 18 is a SEM photograph i g;n^m.^^:p^^^^pp|^|^^pc^ 
aubctituting tho fignro illustrating treated PP-PE 
5 fibrous shapes and their surface state of -a» example 2 
(a PP-PE fibrous absorbent treated to be hydrophilic) ; 

FIG. 19 is a SEM photograph 500 ^agnif ication>g3'>oj 
Truh-rti tut i inj thr rijrr* ^ t ^lle'^^a^-^r^J treated PP-PE 
fibrous shapes and their surface state otyseff example 2 

10 (a PP-PE fibrous absorbent treated to be hydrophilic); 
FIG. 20 is a SEM photograph of 2^000 - 
^gnificationiT ^ubQ ^ dtuting Xh \i r i um r illustrating 
treated PP-PE fibrous shapes and their surface state of 
an example 2 (a PP-PE fibrous absorbent treated to be 

15 hydrophilic); 

FIGS. 21A, 21B, 21C and 21D are liyuiyy 
illustratMR9 an example of application of the surface 
reforming method of the present invention to the 
bitidlhliillL Uf making the surface of a PP fine particle 

20 *«r hydrophilic^pMui FIG. 21A is a schematic Sigu afg of an 
untreated PP fine particle,* FIGS. 21B and 21C are 
respectively schematics fAgurog— illustrating the PP fine 
particle coated with an agent for making the surface 
hydrophilic t»y Lliy liuaUiieii4s of . maVi ng, . thc>»<iaMTrf arrp 

25 h¥^Tl3|H!TTT?^ FIG. 21D is a schematic Ilg ug g 

illustrating the coating containing the agent for 
making the surface hydrophilic and formed on the 
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surface, which is a curved plane of the fine particle; 

FIG. 22 is a schematic fiyUlb illustrating the 
step of stirring and drying a PP fine particle coated 
with a treatment solution by warm air blow; 
5 FIG. 23 is a stj op figure illustrating one example 

of a manufacturing step of an element having ^^y^efgrined- 
rurf DOT by the present invention; and ^ 

FIG. 24 is a f Agwrg schematic all y illustrating ^one 
example of a presupposed distribution of a hydrophilic 
10 group and a hydrophobic group in the surface subjected 
to the surface reforming treatment by the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 The surface modi:^ication method of the present 

invention allows^ the desired surface modification of an 
element by attaching a polymer (oryj finely 
fractionalized (fragmented) product thereof) to the 
surface^he element has^in a specific orientatiory whiire^ 
20 utilizing the functional group or the like, which -te hc- 
molcoulc oonxalnnd in the material constituting the 
element faiurfaue hng^ to impart the properties 
associated with the polymer (or^j finely fractionalized 
product thereof) to the surface. 
25 The "element" .used herein, means, the O ftg" made of 

various materials and taking ^a specific external shape. 
Therefor^ 7^t has an exposed external surface 
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associated with the external shape. Moreover, it may 
contain voids, cavities or hollows, each containing the 
section^ which is in communication with the outside. 
The internal surface (internal wall surf ace )^ which 
5 divides the section^ may be the partial surface to be 
treated by the surface modification method of the 
present invention. The hollow may have an internal 
surface by which it is fractionalized, and may be 
completely isolated from the outside. However, such a 
10 hollow can be subjected to the treatment by the present 
invention, so long as the surface treatment solution 
can be applied to its inside before the modification 
treatment and becomes isolated from the outside after 
the treatment. 

15 The surface modification method of the present 

invention is applicable to any surface^ of -eii 

stt ifaufc^Lj a vaxylng element has-, with which the surface 

J- — > 

treatment solution can be brought into contact with 

from the outside without damaging the ^tei^ n^^ shapeC^^^ ^ 

20 The partial surface to be treated includes j^external 

surface of the element, internal surface in y 

communication therewith, and both(' Modification of 

A 

properties of partial surface(s) selected and 
fractionalized from the surface to be treated is within 
25 the scope of the present invention. Depending on the 
selection, the embodiment ^5>f^electing the external 
surface of an element and its internal surface in 
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conununication therewith is included in the modification 
of the desired partial surface region. 

In the method of the present invention, a partial 
surface, i.e., at least a part ofy|'surface^*Bn element 
5 ba&7 to be modified is treated. In other words, the 
surface of an element selected as required is treated 

^ partiy-or- LuLulli. -fUiA^^^ 
The element shape is not limited. -iiT may be 
sheet-shaped, yarn-shaped, fibrous, spherical, 

10 particulate, tubular or in^other shapeg, including ^ 
distorted one. The purpose of the element is also not 
limited. The surface modification method of the 
present invention is applied to an element in 
accordance with its specific purpose. The element is 

15 generally made of a material suitable for itSyjpurpose, 
e.g., plastic, resin, metal, glass, paper or leather^ 
which utilizes the natural material, or a material 
similar thereto, e.g., synthetic leather. The surface 
modification method of the present invention is 

20 applicable, in principle, to any surface of^^element^'^ 
made of various materials. 

ft 

The "surfaceman element t^^G^ used herein includes 
the surface the element itoel f originally ^sa^ and the 
element surface treated by a certain method. 
25 The "finely fractionalized polymer" used herein 

includesyyffrom the pQljrmer fractionalized at its part to 
the monomer for the polymer. Viewed from the preferred 
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embodiments, it includes any type of polymer cleaved in 
the presence of a cleaving catalyst, e.g., acid. The 
"polymer made into film" includes a substantial film 
and film oriented differently region by region relative 
5 to the two-dimensional plane. 

The principle of surface modification is described 

more concretely by 4Talcii 'l g modification of a surface 

_______ 

comprising^ single material as LUti 6Xam^l^,,^o 

facilitatey^ explanation of the principle. 

10 It is preferable that the "polymer" used herein 

comprises two sections, the first having a 
functional group and ^'second -uii^ having^ interf acial 
energy ^which is different from that of the functional 
group of the first section and almost equivalent t,o^^ 

15 surface energy of the element to which it is to be 

attached, and that it is different from the material^ 
which constitutes the element!* surface. The desirable 
polymer may be adequately selected from those having 
interf acial energy almost equivalent to^surface energy 

20 of the element to which it is to be attached, depending 
on the components of the element. It is more 
preferable that the "polymer" for this invention can be 
cleaved and subsequently condensed. It may have a 
functional group in addition to the two sections 

25 described above. In such a case, it is preferable, 
when^ydrophilic iBQ'fci ofT treatment is telQ^^^^^aJOu 
fivampl r , that the hydrophilic group as the functional 
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group^ ij erf longer chain than anjr^ functional group 
4^ l :hcig Uiuii Miiab in the above first or second section, 
which is more hydrophobic than the above hydrophilic 
group . 

The portion to be surface-treated by the present 
invention may be composed of a single material or A/* 



com] 



pomposite material of two or more types of materials^, 

also may be^of a polymer different from the 
constituent of the element lin rnn^i dorTiIri on e £ ma t epioL 
10 -f err Llifi gUffUtifci LU LiadLIja", 

/principle of Surface |/|pdif ication^ 

Surface modification of an element by the present 
invention is effected by utilizing a polymer serving as 
the surface modifier ^ which comprises the main skeleton 
15 (generic term for one or more groups in the main or 
side chain) to which a group is boundjl^the main 
skeleton hav^g^^terfacial energ^^*finost equivalent to 
surface ( interf acial ) energy of the element surface 
(substrate surface ^paftd the group haviftgyj interf acial 
20 energy different f rom^^j^((jrf ace (interf acial) energy of 
the element'^ surf ac&a whprein^'^he^main skeleton helps 
the polymer^^ach to the element'^surf ace^while the 
group helps ^orm the polymer film (coating layer) 
orienti«g outward from the elemen^ surf ace. 
25 The polymer serving as the surface modifier for 

the present invention, when viewed from a different 
angle, has two types of groups^ phe first 
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Q/l^ affinity essentially different from that of the group 
exposed to the element surface before modif icatior>> and 
phe second 'havin g affinity essentially similar to 
that of the exposed group and b eing contained in the 
repeating unit in the main skeleton. 

FIGS. lA and IB schematically illustrate. the 
representative orientation type^ FIG. lA no^JJjia^a 
polymer with the first group 1-1 and^ second group 1-2 
bonded as the side chains to the main chain 1-3 of the 
surface modifier, while FIG. IB^a polymer with the 
second group 1-2 constituting the main chain 1-3 itself 
and the first group 1-1 constituting the side chain. 

In the orientation shown in FIGS. lA and IB, the 
outermost (outside) surface of the substrate 6, which 
constitutes the surface of the element to be surface- 
modified, has the first group 1-1^ having interfacial 



energy different from surface (interfacial) energy of 
the substrate 6^ oriented on the surface. As a result, 
the properties associated with the first group 1-1^^^^ 

^'iLftitoQg<fei0d > 0Hfa )i wGn(M?g^^ c tf ^ utilized 
to modify the element surface. It should be noted that^ 
surface (interfacial) energy of the substrate 6 is 
determined by the material/molecule which constitutes 
the surface and group 5 exposed to the surface. More 
concretely, in the example shown in FIGS. lA and IB, 
the first group 1-1 works as the functional group for 



- 32 - 

surface modification to make the^ substrate 6 gurf ago 
hydrophilic, when the substrate ^^^^^urface is 
hydrophobic and first group 1-1 is hydrophilic. When 
the first group 1-1 is hydrophilic and group 5 exposed 
to the surface on the side of substrate 6 is 
hydrophobic, ©•g./ when^polysiloxane is used as 
described lator , it is considered that the conditions 



shown in FIG. 24 are present on the substrate 



surface* Under these conditions, it is possible to 
10 adjust, when water or^ aqueous .solution mainly . rfiia. 
comprising water is passed over the modified^ substrate 
6 wir^QC , the flow conditions or * rate at which -water 
or^ aqueous solution is passed by adjusting the balance 
between the hydrophilic and hydrophobic groups on the 
15 surface of substrate 6 wci e Hried". Such a surface 

structure allows to alternately arrange the functional 

r 

group supplied from the polymer P and the other group 
having properties different from those of the 
functional group on the substrate surface (element 

20 surface to be treated), to produce the above effect 

when the functional group is hydrophilic anii the other 
group is hydrophobic. 

These surface conditions may be produced suitably 
by the methods used Examples -l ater described; 

25 although not limited thereto. These conditions may be 
suitably applied to a variety of materials and 
elements, e.g., tubes and vessels for handling liquid, 
to produce the above effect by adjusting the balance 
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between the hydrophilic and hydrophobic groups. In 
such a case, the functional group can have a longer 
chain than the other group. 

In particular, when the element surface structure 
is fibrous or the like ^ as shown in FIG. 24, the 
hydrophilic group 1-1 is a polymer group and is longer 
than the methyl group (hydrophobic group) in the side 
chain on the same side. Therefore, when an aqueous 
solution is passed over the element, the hydrophilic 
group 1-1 slants toward the element surface (or inner 
plane) under the influence of the flow rate (and, at 
the same time, substantially cove^the methyl group). 
As a result, resistance to flow is greatly decreased. 
Conversely, when the aqueous solution is to be held 
over the element surface, the hydrophilic group 1-1 
stands against the solution, i.e., oriented in the 
direction perpendicular to the element surface (or 
inner plane), as a result of which the methyl group is 
exposed to the fiber surfaces, making hydrophilici^y- ^Mrrf^^'''*^'^^ 



predominant over^ hydrophobici*y at the intra-molecular 
level. Therefore, a sufficient quantity of the 
solution can be held. The polymer preferably has many 
(at least two or more) hydrophilic groups ^ to^ secure 
the function of the hydrophilic group 1-1. This is 



illustrated byy^Example^ which uses polyoxyalkylene- 
pbly( dimethyl siloxane) having the hydrophilic group 1- 
1 with a number of -C-O-C- bonds and*OH group as the 
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terminal group. When the polymer has the methyl group 
replaced by another hydrophobic group, the hydrophilic 
group preferably has § higher molecular weight than the 
hydrophobic group, to occupy a larger space. In other 
5 words, it is preferable that a b^ance is produced in 
such a way that hydrophilici*y^is predominant over 
hydrophobicJ^:"'^^^^^^'^^^ 

The surface structure coming into contact with 
water in the present invention is applicable, as 

10 required, to the balanced hydrophilic and hydrophobic 
groups handling liquid other than water. For example, 
the element may be coated with a polymer P having ther ^ 
longer-chain hydrophilic group and^^ shorter- chain 
hydrophobic group arranged alternately for the surface 

15 coming into contact with a liquid to be held over the 

When the substrate 6 is, of, polypropylene and 
polymer P is polyoxyalkylene-^l^( diethyl siloxane), 
the group 5 exposed to the^i si*strate 6 surface is ^ 

20 methyl (-CH3) group, and the substrate 6 has^ surface 
energy of . approximately 23 dyn/cm, due to the methyl 
group^ which has^ surface energy of approximately 23 
dyn/cm. The poly (dimethyl siloxane) section of the 
polymer P of polyoxy alky lene-poly( dimethyl siloxane), 

25 having^jmethyl (-CH3) group facing the outside, has ^ 
surface energy of approximately 23 dyn/cm. It is 
almost equivalent to that of the substrate 6, due to 
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methyl group. 

The polyoxyalkylene of polyoxyalkylene- 

poly( dimethyl slloxane) has^igher surface energy than 

A 

the substrate 6, due to^OH group as the terminal group 
(surface energy: 42 to 44 dyn/cm) and^ oxyalkylene chain 
( -CHj-O-CH. 



CZrherefore, when the substrate 6 is of 
polypropylene and polymer P is polyoxyalkylene- 
poly( dimethyl siloxane) (shown in FIGS. lA and IB), the 
poly (dimethyl siloxane) section serves as the main 
chain 1-3, methyl group in the poly (dimethyl siloxane) 
section as the second group and polyoxyalkylene 

section as the first group 1-1 (side chain). 

One of the methods for producing the element 
having the modified surface shown in FIGS. lA and IB is 



ecAiuiWlBlJ ^described . It uses an improver^ which is a 
good solvent for the polymer as the surface modifier^ 
and improves wettability of the treatment agent with 
the substrate. This method spreads the treatment 
solution (surface modifier solution) 8, in which the 
polymer ao tho cuarfaoo modifiofg is unifozrmly dissolved, 
over the substrate surface, and orients the polymer 



the aurldUb! modif-ior as described above, while removing 
the solvent in the treatment solution 8. 



More OCT a surface treatment solution is 

prepared by dissolving a given quantity of the polymer 
and cleavage catalyst in a solvenl^Aj^hich is a good 
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solvent for the polymer and sufficiently wettable with 

the substrate surface • It preferably contains pure 

water, when the functional group serves as the 

hydrophilic group* The substrate is coated with the 

above solution on the surf acq^ and ^treated by 

evaporation/drying (e.g., in an oven at 60**C) to remove 

the solvent in the surface treatment solution. 

It is preferable for the present invention to use 

an organic solvent w^ii^'^s sufficiently wettable with £>h^ 

the^^'^ub^trate and^dissolves the polymer P as 

the surface modifier j^n order to facilitate uniform 

coating of the surface with the polymer for the surface 

modification. One of irts other effectsJis to keep the 

polymer P uniformly dispersed in the liquid layer 

spread over the surface and sufficiently dissolved 

therein, even, it is concentrated ag tho aolvcnt In 
A/ 

evaporated. In addition, the polymer P as the surface 
modifier is uniformly spread over the. substrate 6 
suiifacfi., because of sufficient wettability of the 
suxifac^e treatment solution with thu. suilauu^ w-llh Lh ur 
result^ that the surface is uniformly coated with the 
polymer, even iPt has a complex shape. 

The surface treatment solution 8 may be prepared 
by two types of solvent^ "the f irst^^^ boing wettable \A 

th* the, ^^ubstrate 6 surface, volatile and a good 
solvent for the polymer P^ aocinChe second ero, although 
boing a good solvent, ^ess wettable w i ^ the^ substrate 
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and less volatile than the first -ewnfe. One of 



the examples is a combination of isopropyl alcohol and 
water, described Ir^^ec, for the polyolef in-based resin 




fit 



serving as the surface lot the substrate, which is 
coated with polyoxyalkylene-poly( dimethyl siloxane) as 
the polymer. 

Addition of an acid 7 as the cleavage catalyst to 
the surface treatment solution is considered to bring 
about the following effects. For example, during the 
evaporation/drying step of the surface treatment 
solution, the acid component increases in concentration 
as the solu tion compo nents evaporate. The acid-e*-/^>A^^ 
increasM concentration under heating accelerates^^Jft<^ 
partial decomposition (cleavage) of the polymer P as 
the surface modifier and production of the finely 
fractionalized polymer P, allowing them to be oriented 
in the finer portions on the .sufestrate 6 surf aca.. 

A 

Another effect is expected. Recombination of the 
cleaved sections of the polymer P during the final 
stage of the evaporation/drying step accelerates^,,^^^ 
formation of the film (coating) of the polymer produced 
as a result of the recombination, preferably *he-A^ 
monomolecular film. ^ ^ 

substrate 6 '^irf nine. The acid component of increased 



is expected. 



concentration, as a result of evaporation of the 
solvent during the evaporation/drying of the surface 
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treatment solution 8, more effici ntly removes 
impurities from the substrate ^(l^surface and the 
vicinity thereof, i to^ . oloan the oubg'terat o 6 surface. 



The cleaned surface is expected to promote physical 

adhesion between the substrate material/molecules and 

polymer as the surface modifier. 
^^^^ 

The acid /^ncreasec^vconcentratig^ under heating 
partly decomposes the substrate surface, producing ' tho 
active sites thereon, which may cause *fee auxiliary 
reactions between these sites an<^f inely fractionalized 
(cleaved) polymer, described above. Depending on 
conditions, chemical adsorption of the auxiliary 
surface modifier on the substrate partly helps 
stabilize adhesion of the surface modifier to the 
substrate. 

The main skeleton of the surface modifier 

( including the hydrophili cl^aLJLuii treatment solution 

8 ) , having. surface energy almost equivalent to that of 
A 

the substrate 6, is cleaved, and the resultant finely 
fractionalized parts are condensed with each other to 
form a polymer film on the^substrate 6 iriiirf noo^. 
Formation of the polymer film is explained by referring 
to FIGS. 2 to 8 for the case where the functional group 
1-1 is hydrophilic to impart hydrophilici¥jr' to the 
hydrophobic substrate surface. The hydrophilic group 
moaric rfho having a structure w hich can impart 

hydrophilicitey as the whole group. It includes a 
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hydrophilic group itself, and even a group having a 
hydrophobic chain or hydrophobic group, so long as it 
is substituted with a hydrophilic group or the like to 
be serviceable as a group capable of imparting 
5 hydrophilici^- cUfdth^^i^^^ 

FIG. 2 is an enlarged view illustrating the 
hydrophiliciaation treatment solution 8 spread over the 
substrate surface. At this stage, *be polymers PI to 
P4 as the hydrophiliciaation ^agent An the 

10 hydrophi - liOMiation treatment ■ oolu'tion 8 and acid 7 are 
uniformly dissolved in the hydrophilic i a atiw treatment 
solution 8 over the^^ substrate 6 surface . FIG- 3 is an 
enlarged view illustrating the drying step for the 
hydrophilic iaa ^ ion treatment solution spread over the 

15 substrate surface. During the drying step under 
heating, the acid y^^omponent increases in 
concentration as a result of evaporation of the solvent 
to more efficiently remove impurities from the 
substrate 6 curfgge and. vicinity thereof. This effect^ 

20 . of cleaning the aubaferatia^ig augiaoc exposes pure 
substrate >^urf ace^ ^o promote physical adhesion 
between the substrate ^^^urface and polymef^Pl to P4 
tho . curfQOQ moJiflUl ' * *At the same time, the iMskLd J}r 
or^n^pi-ing-nt inTTr? ^ concentration ^ u leaulL u£ 

25 etfaporatiun ui Lliu LUlU^il! und^iJ' imtl'i'iiVy-UUi'il^y^fe^ 
^XY^^ng otop .fiag 1rho hyfirophAlioiTitiil-inn ■trQPitmflnt'i 
Lii lu l iuii 0 spxemJ €>voi^- * tho cubgtrato 6 surfag O i^ 
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accelerates partial cleavage of the polyme^jjPl to P4 
tha^hydrophilif-^y^at^nn nrrnnrr 

FIGS. 4A and 4B schematically illustrate^^ 
decomposition of the polymer PI by the concentrated 
5 acid ?• As shown in FIG^ 4A, the concentrated acid 7 

acts on the polymer PI, to cleave the main skeleton 1-3 
into the fractionalized products Pla and Plb^as shown 
in FIG. 4B. FIG. 5 illustrates adsorption of the 
fractionalized hydrophilic i a atioR agent on the 

10 substrate 6. The main skeleton (having surface energy 
almost equivalent to that of the substrate 6) of the 
fractionalized products of Pla to P4b from the polymer 
P r!0T)*=it1 t ut i n g I t he hy f ^^ ^ nph4 ^^^ ^^^^4fi^ l l1r^m>-f^^ are 
selectively oriented on the pure^ls ubstrate 6^ urface 

15 exposed as a result of the cleaning, as the solvent 
evaporates and the fractionalized products reach a 
saturation concentration in the solution. As a result, 
the group 1-1 (having surface energy different from 
that of the substrate 6) in the surface modifier 

20 outside of the substrate 6 is oriented toward the 
substrate. 

Thus, on the surface of the substrate 6 the main 
skeleton of the fractionalized polymers Pla to P4b 
having J surface energy almost equivalent to that of the 

Or. ^ 

25 substrate 6 are orientec^j^jon* iqroup 1-1 having surf ace 
energy different from that of the substrate 6 is ^ 
oriented outward, %ho» in the opposed* direction ^ the 
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Twt^ substrate 6 surface. Therefore, when the group 1-1 is 

hydrophilic, the substrate fir surface becomes 
hydrophilic and is modified. FIG. 6 schematically 
illustrates the hydrophilici«e**en agent adsorbed on 
the substrate surfac ^ af ter the former is spread and 
dried . 

When a specific polymer, e.g., polysiloxane, is 

used, fractlonalized products Pla to P4b are recombined 

with each other at least partly by condensation, to 

produce the polymer of higher molecular weight through 

the bonds (recombination sites C formed by 

condensation). This can increaseyj strength of the 

coating film of the hydrophilic jkiQtioft agent. When ^ 

polysiloxane is used, the siloxane section may be 

dissociated by the concentrated acid 7, after it is 

adsorbed by the substrate ^ surf ace^^ to be condensed 

with moisture 11 in air 9 through the recombination 

sites C, further stabilizing the adsorbed conditions. 

FIG. 7 schematically illustrates the recombination by 

condensation of the dissociated siloxane section with 

moisture 11 in air. The mechanisms involved in the 

cleavage to form the fractlonalized products and their 

recombination to produce the condensed polymer PlA to 

P3A are explained below for the case of . polysiloxane as 

/I 

the polymer. 



The dilutee acid 7 increases in concentration in 
the surface treatment solution 8 as the solution spread 
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over the surface to be treated is dried in a controlled 
manner. The concentrated acid 7 (e.g.^ H2SO4) cleaves 
the siloxane bond in polysiloxane into the 
fractionalized polysiloxane products and silylsulf uric 
acid (Scheme 1). These fractionalized products 
increase in concentration in the surface treatment 
solution 8 as the solution s pread mr o r the ourf liciq t o 
^"T t^""ni1;7f is further dried, increasing probability of 
contact between them. As a result, the fractionalized 
products undergo condensation with each other, to 
reproduce siloxane bonds (Scheme 2). The methyl 

group in the silylsulfuric acid as the by-product is 
oriented toward the surface to be treated, when the 
surface is hydrophobic, and the sulfone group is 
oriented in the direction different from that of the 
surface, conceivably providing some contribution to 
hydrophilici nation of the surface. 
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c/ 



Dbeneral formula i; 



Scheme i 

CHa CH3 CHa Haat 

CHa-Si-O-Si-O-Si-CHa + H.SO, 
CHa R CHa 



f"' CH, 
CHa-Si-O-Si-OH HS0,4i-CHa 



Scheme 2 



CH3 CHa CHa ( 



CH 



""tri'-" ""f-P"- 

Ftaotio^Hzea product Fractional!,^ 

Of PolyslloHane of pSysilS^f^"" «"ylB"»«rlo acid 

i dehydration 

H2O 

CHa CHa/' CHa CHa , ^H 

CHa-Si-O-Si-O-Si-O-Si-CH o/ ' 



3 
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FIG. 8 schematically illustrates one example of^ 
conditions of the surface treatment solution^ when i-t/^trf^ 
is nf n rTompnriitinn^vfit^i water (water-containing layer 
12) in the solvent. When water is present in the 
solvent for the treatment solution which A^MafH 
hydrophiliciaes* the surface under heating, evaporation 
of the solvent is accompanied by evaporation of water 
and the volatile organic solvent (10: vapor of volatile 
organic solvent, and 11: vapor of water). During this 
step, since the volatile organic solvent is evaporated 
faster than water, water is concentrated in the 
solution, to increase surface tension of the solution. 
This produces a differential surface energy in the 
interface between the stlrbstrate 6 niirf nnri ! ' ' ' ^ ^ 
and^treatment solution. The section having^ surface 
energy almost equivalent to that of the substrate 6 in 
the fractionalized products Pla to P4b JEram ^hc polymer 
a©-=fe*>e ' h'jdjiuphllliUllia Uluii-eiguri^L is oriented toward the 
subs trate^^^'^r face to be ti ' CQ^q d in the interface 
between the substrate ^l^^urf ace 4i€wJaa" " t ' BOQ<fco # and 
treatment solution whose water content increases as a 
result of evaporation (water-containing layer 12). At 
the same time, the section having the hydrophilic group 
1-1 in the fractionalized products Pla to P4b from tho 
rml i TtTTi r r m thr hyd i T i j' i l i r 1 i i i i uli iiii i ij i i M is oriented 
toward the water-containing layer 12 whose water 
content increases as a result of evaporation of the 
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organic solvent • As a result, it is considered that 
the given orientation of the f ractionalized products of 
the polymer is further improved. 

The present invention is applicable to various 
elements and purposes, depending on the characteristics 
and types of the functional groups in the polymers used 
for surface modification. 

( 1 ) When the functional group is hydrophilic 

The elements whose surface is modified by the 
method of the present invention include water- 
absorptive eaes, e.g., paper diapers, sanitary napkins, 
ink absorbers for ink jet systems, and used ink 
absorbers (prepared by the method illustrated by one of 
the preferred embodiment described above, when the 
element contains olef in-based fibers), which can be 
surface-modified by the present invention to be 
sufficiently hydrophilic to instantaneously absorb 
liquid. The present invention is also useful for the 
elements required to hold liquid. The present 
invention is also applicable to pigment particles used 
as an ink colorant. When the particles are surface- 
modified by the method of the present invention, they 
may be well-*dispersed in water without using a 
dispersant. The fishery tools, e.g., fishing nets and 
lines, can reach a target point more quickly after ^t^^vi^ 
thrown -in water^^when surface-modified by the method of 
the present invention, because they are more compatible 
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with water. 

(2) When the functional group has affinity for oil 

The present invention can impart the required 
functions to those elements required to have affinity 
for oil at the portion in contact with oil, e.g., oil 
cans and transportation tanks. 

(3) When the functional group is liquid-repellent 
(e.g., hydrophobic group ) 

The present invention can expand functions of ^ 
liquid-repellent liquid (whether it is water or oil) 
for various elements, e.g., gashing stand and kitchen 
sinks, walls, roads, mirrors, automobile exteriors or 
the like, and glass surfaces, at the molecular level, 
or even decrease these functions to desired levels, by 
controlling types of the functional groups or their 
numbers a"^ unit molecule. 

(4) When the functional group is polar 

The present invention can provide the elements 
with a filter function (by utilizing anodic properties 
for ion-exchanging or removal of impurities), or an 
adduct function by chemically reacting the element with 
a certain reactive group. In particular, when the 
filter composed of a number of fibers is formed by an 
olefinic polymer, the present invention can provide the 
filter with desired characteristics while making it 
treatable by incineration^ and h nce^ environmentally 
favorable, as illustrated by one of the preferred 
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embodiments described above. 7.^ 

The present invention also gtves- the element^which 
can develop a color or emit light, when a colorant or 
fluorescent agent reactive with the polar group and 
adsorptive is used* 

The present invention greatly expar^^^he range of 
these desired characteristics, and can find limitless 
applicable areas. 

(5) When the functional group has no characteristics 
the element is required to exhibit, but is used to form 
a uniformly thin film v 

In this case, the functional group is required to 
have inter facial energy different from that of the 
group on the side adsorbed on the polymer surface as 
the sole essential condition. It can improve 
orientation of the group to the sections having almost 
equivalent inter facial energy and surface energy. It 
is preferable, in this case, that the polymer is 
cleaved at least partly to cope with more diversified 
surface conditions. It is more preferable that the 
f ractionalized structure resulting from the cleavage 
(monomer, dimer, t rimer or polymer having an 
intermediate molecular weight) is recombined v^ith enohr 
othe r by condensation or cros^linking to form a polymer 
of^^igher molecular weight to improve the adhesiveness. 

The element provided with these characteristics by 
the present invention for its entire peripher*^ or 
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surfaces has the structure surface ir toclf^ forming *he Cl^ 
strong film, •am becomes more durable* 
( 6 ) The present invention is applicable to any other 
area, so long as the elements has improved 



characteristics^^ one or more of the mechanisms 
described above. All of these elements are included in 
the present invention. 

The present invention provides especially 
excellent effects ^ whe n it uses a treatment solution 
containing a wettability improver capable of improving 
wettability to the element surface and that the solvent 
of the polymer i c- attainabl e (e.g., isopropyl alcohol, 
IPA)^^^^sa±VSivt acceleratiftg^ cleavage of the polymer, one 
of the functional groups described above, and the 
polymer having inter facial energy different from that 
of the functional group and almost equivalent to 
partial surface energy of the element surface. The 
surface modification, effected by the cleavage and 
subsequent condensation^exhibits particularly 



excellent effects and OGOurQly gives - uniformity and 
characteristics w hich cannot be provided by the 
conventional method. 

FIG. 23 illustrates one of the process examples 
for producing these elements. This process comprises a 
series of steps^supply of the element to be treated 
and treatment solution (processing liquid) as the first 
step (SI), application of the treatment solution to the 
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element surface to be treated (S2), removal of surplus 
materials from the surface to be treated (S3), 
concentration/evaporation of the treatment solution for 
cleavage of the polymer and orientation of the 
fractionalized products on the surface to be treated 
(S4), condensation for recomblning the fractionalized 
products wirLU BdUll OLli«r to produce the polymer (S5), 
and production of the element with modified surfaces 
(S6). 

The treatment solution concentration/evaporation 
step (S4) is preferably effected by a continuous 
heating/drying step, at higher than?room temperature but 
at or lower than/^ boiling point of the solvent (e.g., 
60**C) for a varying time, e.g., approximately 45 
minutes to 2 hours when polysiloxane having a j 
hydrophilic group is used together with water^ an acid 
and organic solvent (e.g., isopropyl alcohol) for 
modifying the surface composed of a polyolef in-based 
resin, and around 2 hours when a 40 wt.% aqueous 
solution of isopropyl alcohol is used. The drying 
treatment time may be reduced by decreasing^ water 
content . 

In the example shown in FIG. 23, the 
fractionalized products are formed by cleavage of the 
polymer on the^^ment surface to be treated. However, 
the treatment solution containing the fractionalized 
products beforehand may be spread over the element 
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yurfaoo to bo taroatOi d^^o^ orientM*eiir thereon. 

As described above, the treatment solution 
composition useful for the present invention comprises, 
e.g., a wettability improver^ which has wettability wi t t r 
the surface to be modified for making the treatment 
solution more wettable wi th the surface to be treated 
and, at the same time, work^f^s a good solvent for the 
surface modifier; ^olvent; polymer-cleaving catalyst; 
and polymer v*t±»i contains a functional group for 
imparting the modification ©fJeet— to the surface to be 
m o dified and another group for imparting adhesive 
function to the surface t o be modified ". 



Examples 

The surface modification method of the present 
invention, element surface modified by the method, and 
evaluation thereof are described more ^^^c^^^^y fCi^ 
Examples. It is to be understood that^Examples are to 
provide some of the preferred embodiments and not to 
lindt the present invention. 



^^^^pExample ^jt^ 



This example applied the present invention to 
modification of the internal hydrophobic wall surfaces 
of a polypropylene container 90 to *e- hydrophilic, as 
illustrated in FIG. 9A. 

The hydrophiliciratTWT treatment solution having a 
composition given in Table 1 was prepared. 
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[Table 1 
(Hydrophilicfe 




treatment solution composition ) 



Components 


Content s ( wt . % ) 


Polyoxyalkylene-poly( dimethyl 
slloxane) 


4.0 


Sulfuric acid 


0.5 


Isopropyl alcohol 


95.5 



The solution was prepared using Isopjropyl alcohol 
as an organic solvent alcohol^ weiT dissolving 
polyoxyalkylene-poly( dimethyl siloxane) uu Ihe yulyilH^l '. 
Isopropyl alcohol was first well mixed with sulfuric 
acid^Bs an inorganic acid^ added to 0.5 wt.% amjUiM/^C^^"-*-^ 
ce neentratcd oulfurie aula ' concentration in the final 
solution. Then, polyoxyalkylene-poly( dimethyl 
siloxane) a.s tha palTtHnog was added to the above mixture 
to 4.0 wt.%jas polymer concentration in the final 
solution, and uniformly dissolved therein, to prepare 
the hydrophilicieerfciurr treatment solution. 
Polyoxyalkylene-poly( dimethyl siloxane) used for 
Example 1 is shown by the general formula (1): 
y^eneral formula 7.^ 

r CH3 
I 



I 

CHa— Si-0- 
CHa 



Si-0- 
I 

L CHa 



m 



CHa 
I 

-Si-O- 



CHa 
I 

-Si-CHa 



, n 



CHa 



|C3H6(OC2H4)a(OC3H6)bUH| 



where, (m) and (n) are each a positive integer; (a) and 
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(b) are also each a positive integer; and R is an alkyl 
or hydrogen. The polymer has a structure of 
poly (dimethyl siloxane) with one of the methyl grou^)Ln 
the main repeating unit being substituted by 
polyoxyalkylene group. The commercial product (Nippon 
Unicar, silwet L-7002™) was used. The section enclosed 
by a rectangle in the general formula (1) is a 
hydrophilic group, which corresponds to the first group 
(functional group) in FIGS. lA and IB and group 1-1 in 
FIG. 24. 

The above treatment solution dissolves a small 
quantity of water molecules, associated with 
concentrated sulfuric acid, in addition to the sulfuric 
acid molecules. 

The treatment was attempted to make#dTya?6 
the inner wall surfaces of a polypapopylene (PP) 
container 40 shown in FIG. 9A *with the above 
hydrophilic Aaatio ft treatment solution. A small 
quantity of the hydrophilici Tati on treatment solution 
prepared was put in the PP container of 50 ml in inner 
volume, to wet the container inner surfaces w^'th the 
t ^firnphiliGiAUliun ^ gaQtmont i oolution . The container 
was turned upside down and shaken, after the inner 
surfaces were uniformly wetted, to release the surplus 
solution. The container whose inner surfaces were 
wetted with the coating film 48 of the 
hydrophilic i a atiori " treatment solution was dried in an 
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oven at 60**C for 1 hour. This produced the 
hydrophili oi Tat ion - treated PP container 40A, shown in 
FIG. 9B. 

Comparative Examples 1 to 3^ 

The^^iree types of solutions having the following 
compositions were prepared, - an d the treatment was 
attempted for the inner wall surfaces of a 
polypropylene (PP) container with each of these 
solutions^ to verify the hy droph i 1 i c A Mi a L ±on treatment 
effects bronght by the present invention. 

(1) Solution composition for Comparative Example 1 

Comparative Example 1 used the hydrophiliciaa*io»-- 
treatment solution composition shown in Table 1, except 
that it comprised only isopropyl alcohol and sulfuric 
acid. In other words, the solution for Comparative 
Example 1 was free of polyoxyalkylene-poly{ dimethyl 
siloxane), which was used to form the desired polymer 
coating film by the present invention. 

(2) Solution composition for Comparative Example 2 

Comparative Example 2 used the hydrophilioiwrtttnh- 
treatment solution composition shown in Table 1, except 
that it comprised only isopropyl alcohol and 
polyoxy alky lene-poly( dimethyl siloxane). In other 
words, the solution for Comparative Example 2 was free 
of concentrated sulfuric acid and a small quantity of 
the water molecules associated therewith. 

(3) Solution composition for Comparative Example 3 
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Comparative Example 3 used the hydrophillcirgatiQn- 
treatment solution composition shown in Table 1, except 
that isopropyl alcohol was replaced by hexane, which is 
a bad solvent for polyoxyalkylene-poly( dimethyl 
5 siloxane) . 

A small quantity of each of the above solutions 
was put in the PP container of 50 ml in inner volume, 
to wet the container inner surfaces in a manner similar 
to that ^fiff Example 1 . Each container was turned 

10 upside down and shaken, after the inner surfaces were 

uniformly wetted, to release the surplus solution • The 
container whose inner surfaces were wetted was dried in 
an oven at 60 *C for 1 hour. The untreated PP container 
was also used in. Reference Example. , # Jh\^)ieA^ 

15 Each PP container was evaluated whether ats * j 

treated surface Q onditiuiu weiy iaikLillf uuLuiiy oig . «not - : 
The evaluation methods and results are described below, 
a) Method for evaluating hydrophilic**y of the PP 
container 

20 The inner surfaces of a total of 4 PP containers, 

treated with the solution .fo^Example 1 or Comparative 
Examples 1, 2 or 3, and the untreated «fte (Reference 
Example) were rinsed with pure water. Each container 
was filled with fresh pure water to approximately one- 

25 third of the inner volume, after rinse water was 

discarded, and lightly shaken, to visually confirm 
conditions of pure water attaching to the inner wall 
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surfac^^f the containe^ 

b) Evaluation results of hydrophilicity of the PP 
container 

The inner surface of the PP container 
5 hydrophiliciee-bieag^treated in Example 1 was wetted with 
pure water, with tfe oenditiono of the untreated PP 
container for Reference Example^as reference. By 

contrast, those of the PP containers treated with the 
solution prepared i>3^ Comparative Example 1, 2 or 3 were 
10 not wetted at all, because pure water was observed to 

CEach of -Bhera clearly had :fche- hydrophobic inner 

surface, as was the case with the mnr fryr F r rf ^r'^i ^ 

Ejiouiylir. 

15 The solutions for Comparative Examples 2 and 3 

contained polyoxyalkylene-poly( dimethyl siloxane), 
which, however, was not effectively adsorbed by the PP 
surfaces. As a result, it was washed off when the 
treated containers were rinsed with pure water 

20 immediately before they were evaluated. 

By contrast, the PP container treated in Example 1 
was wetted with pure water after it was rinsed wi ttr 
pnrn Tifatrr. indicating that polyoxyalkylene- 
poly( dimethyl siloxane) »uu t^ iMb aJi^vjiLeiJ by the PP 

y 



25 surface ond ^ L^3 (^ ^b effect ivel y adsoirb ejt 

These evaluation results indicate that the surface 
of plastic material can be effectively 
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hydrophilic igatiCH^^ reated with a solution containing a 
polyalkylsiloxane having a polyalkyleneoxide chain, 
acid and alcohol, jj^spread over the PP container and 
dried. It ^^^found that a^^olyx^iir polyalkylsiloxan^ 



can be oriented on and attached to the PP surface as 
aimc 4 i when the surface is treated with the polymer in 
the presence of the alcohol and^acid. It a^a -fttem 
confirmed that a combination of the acid and alcohol 
a-Isc hao on ftffuuL Uf cleanift^^the plastic surface, and 
that the cleaned surface coupled with the methyl group 
in the alkylsiloxane structure (as the repeating unit 
of the hydrophobic polyalkylsiloxane having a 
polyalkyleneoxide chain) oriented on the substrate 
surface improves overall adhesive power. 

The polyalkylsiloxane having a polyalkyleneoxide 
chain can be uniformly dispersed on and effectively 
attached to the plastic surface, because it is 



dissolved in the alcohol ^es a good solvent 



surtace, because it is . , , 
OS a good solvent thorof opI" 
When| ^ hydrophilic surf act^ nt^nly is spread over the 
plastic surface and dried thereon, the surface shows 
hydrophilici±5r only during the initial stage, which, 
however, ^ lost when the surface is rinsed with pure 
water, because the surfactant is dissolvec^ and (eiw^ej^ f 
out - An water, 
^^xample 

Example 2 applied the surface modification method 
of the present invention to a fibrous element, more 



- 57 - 




donoFctel^ to an olGmeHt"gi£ polypropylene/polyethylene 
(PP/PE) fibersL-fear surface hydrophiliciBe**e» ^ 



treatment. The element of PP/PE fibers actually 
prepared was a block- shaped one in which the fibers 
were composited with each other to take a form useful 
for, e.g., an ink absorbing element^ which could absorb 
liquid (e.g./ ink) and hold the used liquid. For 
example, referring to FIG. lOA, a container 21 having 
an adequate shape and open to air by an opening 25 can 
be used as a liquid-holding container 20, when it is 
filled with fibrous bodies 23, capable of functioning 
as an absorbing element 24 to absorb and hold various 
types of liquid (e.g., ink), oriented in a given 
direction. Such an ink-absorbing element 24 can be 
suitably used for a discharged ink tank for ink jet 
recorders . 



More pDncfaretefy , the fibrous element 23^which 
constituted the absorbing element 24^was composed of 
the biaxial fibrous element of polypropylene and 
polyethylene fibers, each approximately 60 mm long. 
This biaxial fibrous element was of a core-sheath 
structure, with a polypropylene fiber having a higher 
melting point as the core 23b encased by polyethylene 
having a lower melting point as the sheath 23a. FIG. 
IIA shows its section perpendicular to the axial 
direction, whose external shape (outer peripheral 
shape) was essentially circular (closed ring shape). 
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The fibrous blocks, each composed of the short fibers 
and having the above section, were arranged in the 
fiber axis direction in, and heated by, a cotton- 
carding machine, to fuse the fibers with each other, 
5 More c6ricJCBLely, they were heated at above melting 
point of polyethylene as the sheath 23a but below 
melting point of polypropylene as the core 23b, to have 

-the- structure with -bhe sheaths 23 a ^o^^Vplyethylene 
^ U tvi-^ 

fusiftg each other at the/f points, they oome into contact 
10 with o auh uLhUl > • 

In the above fibrous structure 23, referring to 
FIG. lOB, the fibers 23A were arranged in the fiber 
axis direction in the cotton-carding machine and 
continuously arranged mainly in the longitudinal 

15 direction (Fl), They came into contact with, or close 
to, each other at points, e.g., a, p, y and c, shown 
in FIG. IOC. They were fused with each other under 
heating at the contact (intersection) points, e.g., at 
the points a, p, y and e, as shown in FIG. lOD, to form 

20 a network structure, giving the structure mechanical 
elasticity in the direction F2 perpendicular to the 
longitudinal direction Fl. This was accompanied by 
xncreased^ tensile strength in the longitudinal 
direction Fl shown in FIG. lOB. The structure, 

25 although lower in tensile strength in the direction F2 
than in Fl, was elastic with^restoring force against 
compressive stress in the direction F2. 
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Looking^ the fibrous structure 23 in more detail, 
referring to FIG. lOD, the individual fibers 23A were 
crimped, to help form complex network structures 
between the adjacent fibers, and fused with each other, 
e.g., at the points a, y and c. Some of the crimped 
fibers 23A were arranged in the direction F2 
perpendicular to the longitudinal direction Fl, to make 
the structure three-dimensional with the fibers fused 
with each other. The fibrous element 23 actually 
prepared in Example 2 was formed into a concentric 
sliver of biaxial fiber tows, shown in FIG. IIA, with a 
polypropylene fiber (melting point: around 180 "^C) as 
the core 23a encased in polyethylene (melting point: 
around 132 **C). The fibrous element 23, composed of the 
fibers mainly oriented in the longitudinal direction 
Fl, shows fluid conditions within the element and 
stationary liquid-holding conditions clearly different 
in the directions Fl and F2, when immersed in a liquid. 
In this example, the element shape was of a 



the container with planar surfaces, e.g., that prepared 
by Example 1, and the treatment solution of the 
following composition was used: 



fibrous structure, generally holding 
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^Table 1^ 
y^Hydrophi] 



Hydrophilic ioQifai o w treatmen-t solution composition of 
flberr 



Components 


Composition 
(wt.%) 


Polyoxyalkylene-poly ( dimethyl 
slloxane ) 


0.40 


Sulfuric acid 


0.05 


Isopropyl alcohol 


99.55 



0^ 

(1) Method fory^hydrophilic igtttionj treatment of the 



absorption body of PP/PE fibers 

The absorption body 24 of 
polypropylene/polyethylene fibers, having the fusion- 
treated structure shown in FIG. 12A, was immersed in 
the hydrophobic ia a t i on treatment solution 28 of the 
above composition (FIG. 12B). The solution 28 was held 
in the voids between the fibers 23A for the fibrous 
absorption body 24, as shown in FIG. 12E as the 
magnified view of FIG. 12B. The fibrous absorption 
body 24 holding the solution 28 was pressed by a 
pressing jig 27, e.g., metallic mesh (FIG. 12C), to 
remove the surplus treatment solution 28 held in the 
voids between the fibers 23A, as shown in FIG. 12F as 
the magnified view of FIG. 12C. When the jig 27 was 
removed, the fibrous absorption body 24 returned back 
to the original shape, as shown in FIG. 13A, with the 
fibers 23A coated with the liquid layer 28A. The 
absorption body 24 with the fibers wetted with the 
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solution was dried in an oven 29 at 60 *C for 1 hour 
(FIG- 13B). This produced the fibrous absorption body 
24 with the fibers 23A coated with the hydrophilic 
layer 28B, as shown in FIG. 13C- FIGS. 12D to 12F are 
5 partially magnified views of respective FIGS. 12A to 

12C, and FIGS. 13D to 13F are partially magnified views 
of respective FIGS. 13A to 13C. 

^^Comparative Example 4 and Reference Example ^^^^ 

In Comparative Example 4, the fibrous absorption 

10 body was hydrophilic iza liur i^reated in the same manner 

as in Excunple 2 except that the treatment solution 

comprised only sulfuric acid and isopropyl alcohol. In 

other words, the solution for Comparative Example 4 was 

free of polyoxyalkylene-poly( dimethyl siloxane). The 

15 untreated fibrous absorption body of PP/PE fibers was 

also used in Reference Example 1. 

In Example 2, 0.5 g of the fibrous absorption body 

of PP/PE fibers was treated by the above-described 

treatment method with 0.3 to 0.5 g of the above 

20 hydrophilicieet*±oirjtreatment solution. Comparative 

Example 4 used the same quantity of the solution 

applied to the whole element using the abov^^escribed 

application method. 

Each fibrous absorption body thus prepared was 

25 evaluated whether /Ate troated surface conditions were £it4ut^^^ 
A ^ 

saticf a ct o rir o r no t. The evaluation methods and 
results are described below. 
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(1) Method for evaluating hydrophilic4*y of the fibrous 
absorption body of PP/PE fibers 



a) Evaluation by pure water drops rfaQ.ltiii Iifam a dropper 

Pure water drops were fell e n from a dropper onto 
the fibrous absorption bodies of PP/PB fibers, prepared 
by Example 2 and Comparative Examples 4, and the 
untreated ^pn^n Reference Example), to observ^ extent of 
pure water sinking into the bodies. 

b) Evaluation by immersion in pure water 

The fibrous absorption bodies of PP/PE fibers, 
prepared by Example 2 and Comparative Examples 4, and 
the untreated one H Reference Example), were slowly 
placed on pure water, held by a container sufficiently 
large to accommodate the fibrous element, to observe^,?^ 
extent of pure water sinking into the bodies. x a,. 
(2) Results of evaluation of hydrophilicSrty of the 
fibrous absorption body of PP/PE fibers # -f/l 

(a) Results of evaluation by pure water drops ral4>aii 
€^ a dropper j^jjl^ 

Pure water drops, f&Uen from a dropper onto the 
fibrous absorption body of PP/PE fibers prepared by 
Example 2, were observed to instantaneously sink into 
the element jwisiite. - fjj/ljt''^^^^ 



By contrast, pure water drops - fullm i from a 
dropper onto the fibrous absorption body of PP/PE 
fibers prepared by Comparative Example 4 and * untreated 



^T^^ ( 



Reference Example 1) were observed not to sink 
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into the element in&ldfe^ -^btft repelled "to form droplets 
on the surfaces. 

b) Results of evaluation by Immersion in pure water 

The fibrous absorption body prepared by Example 2 
was slowly placed on pure water held by a container, 
and observed to slowly sink into water, indicating that 
its surfaces were hydrophilic. 

By contrast, both the fibrous absorption body of 
PP/PE fibers prepared by Comparative Example 4 and fCji^ 
untreated ^one' (Reference Example 1)^^ slowly placed on 
pure water held by a container^ were observed to 
securely float on water. They showed no sign absorb! 
water thereafter, indicating that they were clearly 
hydrophobic . 

These results indicate that the fibrous absorption 
body of PP/PE fibers can be also coated with a 
polyalkyl siloxane layer (hydrophilic layer) 28B, as 
shown in FIG. 13C, to be effectively 
hydrophilic lpaljion^ reated, when the solution 
containing a polyalkyl siloxane having a polyalkylene 
oxide chain, acid and alcohol was spread over the 
element surface and dried. Therefore, it found that 
the fibrous absorption body 24 of PP/PE fibers can -have* 
>at' sufficien-^l^ function tn "rrarvr as an element a£^^^ 
absorbing aqueous ink. 

The fiber surfaces were analyzed by a scanning 
electron microscope (SEM)-. in order to verify that the 
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surface modification method of the present invention 
attaches a polyalkyl siloxane having a polyalkylene 
oxide chain to the PP/PE fiber surface to form the 
polymer coating layer thereon. 

FIGS. 14, 15 and 16 show the magnified SEM 
photographs of the untreated PP/PE fiber surfaces of 
the fibrous absorption body of Reference Example 1 
(magnification: 150, 500 and 2,000, respectively). 
FIG. 17 shows the magnified SEM photograph of the PP/PE 
fiber surfaces of the fibrous absorption body of 
Comparative Example 4, treated with only the acid and 
alcohol (magnification: 150). 

FIGS. 18, 19 and 20 show the magnified SEM 
photographs of the PP/PE fiber surfaces of the 
hydrophilicA cQtton - treated fibrous absorption body of 
Example 2 (magnification: 150, 500 and 2,000, 
respectively ) . 

No structural changes ^considered to result from 

Ij^A /I 

depositi€» -ef organic substance on the fiber surfaces^ 
ace clearly shown in all of these magnified SEM 
photographs of the PP/PE fiber surfaces. Indeed, no 
difference is observed between the untreated PP/PE 



fiber surfaces (FIG. 16) and hydrophilicieo^ion treated 
PP/PE fiber surfaces (FIG. 20) even tfee- 2p00 t^iSsee 
ma gn i f iod SEtH phuLuyiuylK . It is therefore judged that 
the hydrophi 1 ici^^Aoa- 1 rea t ed PP/PE fibers are 
uniformly coated with a thin film (considered to be 
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10 



monomolecular layer) of polyoxyalkylene-poly( dimethyl 

siloxane) skofctLag appearanceji not differentia*ed from 
\ k/kjUi uiaT ."trJ Yin^ 



the untreated surfaces^ ti(e*4^lanalysis. 

By contrast, the PP/PE fiber surfaces treated only 
with the acid and alcohol show the fiber intersections 
(fused sections) cut at many points and many "knot-like 
sections in the fibers, as shown in the SEM photograph 
(FIG. 17). These changes are considered to result from 
deterioration of the PE/PP molecules on the fiber 
surfaces (in particular PE molecules in the surface 
layer) during the heating/drying step, accelerated by i{u^ 
increased concentration of the acid as a ^sult of 
evaporation of the solvent and heat iJ^selk'for the 
drying step. 

^5 Ori the other hand, the hydrophilicieetfeiot^— . 

treatment #o* the present invent ion^ausej^ ne- cutting 
at the fiber joints ^r formation of knot-like sections 
in the fibers, which are observed in the PP/PE fiber 
surfaces treated only with the acid and alcohol 

20 although it-uaea the treatment solution containing the 
same concentration of the acid and the same 
heatxng/drying step./ This fact indicates, controlled 
deterioration of the PE molecules on the fiber surfaces 
during the hydrophilic lnQtionj [treatment for Example 2. 
25 It is considered, even when the acid acts on the fiber 
surfaces to cut the PE molecules and produce radicals 
within the molecules, that some materials and 
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Structures capture the radicals to control^ destruction 
of the PE molecules by chain reactions caused by 
the radicals • It cannot be ruled out that 
polyoxyalkylene-poly( dimethyl siloxane) attaching to 
the fiber surfaces is involved in the capture of the 
radicals to form the chemical bonds with the PE 
surfaces while capturing the radicals formed and 
thereby contr<@^estruction of the PE/PP molecules 
by the radical-caused chain reactions. 

Overall, it is judged that modification of the 
fiber surfaces is achieved in Example 2 by the thin 
film of polyoxyalkylene-poly( dimethyl siloxane) 
uniformly deposited on the fiber surfaces. The 
favorable side^'ef fects during the hydrophilic i - aation rj^ 
treatment include cleaning of the fiber surfaces by the 
acid and solvent contained in the treatment solution, 
which possibly accelerates physical adsorption of the 
polyalkylene oxide chain. The chemical bonding between 
the PE molecules, cut by the acid of increased 
concentration and iieat, and polyalkylene oxide chains 



can occur isei nu Lsmaii bklbul. 

The biaxial fiber may be eccentric, as shown in 
FIG. IIB, with the core section (core material) 23b 
partly exposed to the outer surface, as a result of 
which the fiber surfaces have the outer layer (sheath) 
23a surfaces and core surfaces. The surface 
modification method of the present invention can impart 
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hydrophilictfe^ to both the exposed core surfaces and 
sheath surfaces^ even in such a case. Whe^ a 



hydrophilic surfactant onl^is spread over the surface 

and dried thereon, the surface partly shows ^ 

hydrophilici*y only during the initial stage^ v^ich^ 
however, ie- lost when the surface is rinsed with pure 

■ouId j 



water with lightiy ebbing, because the surfactant is 



dissolvedy^and olutod 



-ift water. 



y^^xample 

This example applied the present invention to ^ 
hydrophilicizatioi>|treatment of plastic particle 
surfaces. More conoifo t oly , the polypropylene particle 
surfaces were treated in a manner similar to that -fear/^ 
Example 1, which modified the water-repellent inner 
wall surfaces of the polypropylene container to be 
hydrophilic. 

The hydrophilic iaation treatment solution having a 
composition gi yen in Table 3 was prepared. 



^able 3^ jiuO^K 



Components 


Composition 
(wt.%) 


Polyoxyalkylene-poly { dimethyl 
siloxane) 


4.0 


Sulfuric acid 


0.5 


Isopropyl alcohol 


95.5 
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The solution was prepared by the method similar to 
that Jot Example 1. Isopropyl alcohol was first well 
mixed with sulfuric acid added to 0.5 wt.%^-as- 
ooncent r ntf ( 1 julfur i o aoid concentration in the final 
solution. Then, polyoxyalkylene-poly( dimethyl 
siloxane) was added to the above mixture to 4.0 wt.%^as^ 
polymer concentration^ in the final solution, and 
uniformly dissolved therein, to prepare the above 
hydrophilici:«atiO^I;treatment . 

(1) Hydrophiliciuu Liun^treatment of polypropylene (PP) 
particles 

The PP particles 31 used for Example 3 were 
spherical, having a diameter of 2 mm. 

The PP particles 31 were immersed in the above 
hydrophilicrzaTrtonatreatment solution 38^ and then 
scooped up to be separated from the solution. The PP 
particles 31 coated with the treatment solution 38 were 
put in a container 30 (FIG. 22)P«ad\*{ot wind was 
vigorously sent into/the container 30^ whil e . jLlixlny A^w/ 
the particles 31^ to prevent fusing thPT Q pai - Llules wlLlI 
oaoh oLliCt. These particles were treated during this 
step by evaporating the solvent included in the 
treatment solution 38 and drying the particles. This 
treatment method is one of the preferred embodiments of 
the present invention, because of the favorable effects 
it brings; e.g., uniform coating and film-making 
resulting from^ rotation of the PP particles thnmTrlirrri 
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and surface tension around the sphere ^ to^ secured 
uniform coating. 
Reference Example 2 

The untreated PP particles were used for Reference 
Example 2. 

The treated surface conditions were evaluated by 

the following methods for the PP particles treated for 

surface modification (Example 3) and untreated 

(Reference Example 2). j-^ 

Method for evaluating hydrophilioi*y of the PP 

A 

particles 

(1) Evaluation by stirring with pure water 

The PP particles, hydrophilic igation treated for 
surface modification (Example 3) and untreated 
( Reference Example 2 )^ were put in pure water held in a 
polyethylene container^ and stirred therein by a 
stirrer ^ to observe the particle conditions. 

( 2 ) Evaluation results of hydrophilioi*^ c5f the PP 
particles 

The results of evaluation by stirring with pure 
water are described. When the PP particles treated in 
^Example sJ^v^qtb stirred in pure water, they were found 
to be dispersed and stirred in pure water. By 
contrast, the untreated PP particles (Reference Example 
Z) were scarcely dispersed in pure water^ and found to 
be forced to move toward the polyethylene container 
walls and float on pure water. 



The results indicate that^the PP. particles 

prepared by Example 3 were weiljsiifface-treated #or 

A 

hyfirnphi Tin Tritinn^ as was the case with the container 
prepared by Example 1. This means that the untreated 
PP particle surfaces ( shown in FIG. 21/^ were densely 
coated with the coating film 38A of polyoxyalkylene- 
poly (dimethyl siloxane), as shown in FIG. 21B. It ^lA/Ap 
also confirmed that the method of the present invention 
is applicable not only to a flat plane (Example 1) but 
also to a curved surface, such as particle surface 
( Example 3 ) , to easily form the polymer coating 38A as 
schematically shown in FIG. 21D. As shown, the ring- 
shaped polymer coating 38A on the surface periphery 
(closed ring-shaped section of the section periphery) 
Jxf keejP>the surface-modified section J^*cSS^g^otf 
easriy. FIG. 21A is the section of the untreated PP 
particle, FIGS. 21B and 21C are the section of the 
hydrophilic iaatioB ^ctreated PP particle and its 
partially magnified view, respectively, and FIG. 21D is 
the polymer film covering the outer periphery of the PP 
particle. 
^Example 

Example 4 applied the method of the present 
invention to a fibrous element of 
propylene/polyethylene (PP/PE) fibers for surface 
modification with a solution containing poly ( dimethyl 
siloxane) (amino-modified poly( dimethyl siloxane)) 
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More Ci 



lo group as 



having amino group asf the functional group. 



the fibrous element of PP/PE 



fibers was coated with amino-modif ied poly (dimethyl 

siloxane)^ ^ by the procedure similar to that fer Example 

2, to modify the water-repellent polypropylene surface 

to be hydrophilic. The fibrous element of PP/PE fibers 

r 

used in this example was the same as the one £or^^ 
Example 2. 

This example used the same hydrophilic iaation -- 
treatment solution as that foar Example 2, except that 
polyoxyalkylene-poly( dimethyl siloxane) was replaced by 
amino-modif ied poly (dimethyl siloxane). 



jrable AT 



J^urface modification solution composition 



Components 


Composition 
(wt.%) 


Amino-modif ied poly (dimethyl 
siloxane ) 


0.4 


Sulfuric acid 


0.05 


Isopropyl alcohol 


95.55 



The solution was prepared using isopropyl alcohol 
as an organic solvent alcohol well dissolving amino- 
modif ied poly( dimethyl siloxane) as the polymer. The 
amino-modif ied poly (dimethyl siloxane) used had a 
structure with one of /methyl groups in the repeating 



unit of poly (dimethyl siloxane) substituted by a 

functional group having amino group. It was a 

A 

commercial product (GE Toshiba Silicone, modified 



- 72 - 



silicone oil TSF47003). 

Isopropyl alcohol was first well mixed with amino- 
modified poly (dimethyl siloxane) added to 0.4 wt.%^as 
polymer concentration^ in the final solution. Then, 
sulfuric acid as an inorganic acid was added to the 



3,0.05 wt.%,^ 



above mixture to, 05 wt>%, ap conoontrated oulfuri c 

K 

-,r,.8 A. ^^^pp^|,^ p| ^4 j^j^ ^YiB final solution, and uniformly 
dissolved therein, to prepare the surface modification 
solution. 

(1) Method for surface treatment of the fibrous 
absorption body of PP/PE fibers 

The absorption body of polypropylene/polyethylene 
fibers, having the structure shown in FIG. 12A, was 
immersed in the hydrophobiciee-biorgtreatment solution 
28 of the above composition (FIG. 12B). The solution 
was held in the voids between the fibrous absorption 
body. The fibrous absorption body holding the solution 
was pressed (FIG. 12C) ^ to remove the surplus treatment 
solution held in the voids between the fibers. When 
the pressing jig, e.g., metallic mesh, was removed, the 
fibrous absorption body returned back to the original 
shape, as shown in FIG. 13A, with the fibers coated 
with the liquid layer. The absorption body with the 
fibers wetted with the solution was dried in an oven at 
60**C for 1 hour (FIG. 13B). 
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^Reference Example 3 

The untreated fibrous absorption body of PP/PE 
fibers was used for Reference Example 3. 

Each fibrous absorption body of PP/PE fibers thus 
prepared was evaluated^ whether ir ts t rea t e d ^surf ace 
conditions were saLlsf du l ^ry^g hbt\ 

(1) Method for evaluating surface modification of the 
fibrous absorption body of PP/PE fibers 

a) Evaluation by immersion in an aqueous solution of 4/h> 
anionic dye 

The fibrous absorption bodies of PP/PE fibers, 

am/ ho^y- 

prepared by Example 4 and untreated oae (Reference 

A 

Example 3)- were immersed in a 10% aqueous solution of 
C.I. Direct Blue 199 dye as the anionic dye ^ an d then 
washed with pure water with rubbing ^ to observe the 
washed conditions. 

b) Results of evaluation of the surface modification of 
the fibrous absorption body of PP/PE fibers 

The following results were obtained by the 
evaluation tests by immersion in an aqueous solution of 
anionic dye. 

The fibrous absorption body of PP/PE fibers 
prepared by Example 4 remained lightly cyan in color 
derived from the dye* when immersed in a 10% aqueous 
solution of C.I. Direct Blue 199 dye^^s the anionic 
dye, and then washed with pure water with rubbing. 

By contrast, the untreated fibrous absorption body 
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of PP/PE fibers for Reference Example 3 returned back 
to the original color of white^when immersed in a 10% 
aqueous solution of C.I. Direct Blue 199 dye QO the 
ax>4en i(J " dy ft^^^^^and then washed with pure water with 
rubbing, indicating that the aqueous dye solution was 
washed off and that wa& not compatible with the 
solution. 

As described above, the fibrous absorption body of 
PP/PE fibers prepared by Example 4, where it was 
surface-modified with poly (dimethyl siloxane) having 
amino group as the functional group, remained lightly 
cyan in color^when immersed in the aqueous dye 
solution and then washed with water, indicating that 
the amino-modified poly ( dimethyl siloxane) attached to 
the surfaces of the fibrous absorption body of PP/PE 
fibers, whon the solution containing the amino-modified 
poly (dimethyl siloxane), acid and alcohol was spread 
over the surface and dried. In other words, the 
fibrous absorption body of PP/PE fibers was coated with 
the amino-modified poly (dimethyl siloxane )^ and 
surface-modified into the cat ionic element by the amino 
group as a cat ionic group in the amino-modified 
poly (dimethyl siloxane). The fibrous absorption body 
of PP/PE fibers, becoming cationic by the surface 
modification, reacted with the anionic dye in the 
aqueous anionic dye solutio n^ to bo colored. It was 
also found that the fibers were g olo red cyaft inside, -by- 
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which was indicated that the surface modification 



method of the present invention effectively modified 
inside of the fiber assembly ofy^ complex structure* 

In Example 4, amino-modif ied poly( dimethyl 
siloxane) having^amino group as a cationic functional 
group was used for modification of the water-repellent 
PP surface. However, it is considered that the PP 
surface can be surface-modified to be anionic^ when a 
functional group other than a cationic fefte-, e.g., 
anionic functional group, is used as the functional 
substituent for the poly (dimethyl siloxane) section as 
the skeleton of amino-modif ied poly (dimethyl siloxane). 
An anionic functional group may be used together with 
an alkali substance as the cleavage catalyst. Thus, it 
is considered that PP can be surface-modified to have 
desired properties for specific purposes by changing 
the functional substituent for the poly (dimethyl 
siloxane) section as the skeleton to be utilized for 
the surface depositior^^ y^ dep ending on surface 
modification purposes, 
^^^xample 

This example applied the present invention to ^ 
surface modification of ^ plastic particle surfaces with 
a solution containing^ amino-modif ied poly (dimethyl 



siloxane). More S& HcJbtBly , the polypropylene particle 
surfaces were coated, in a manner similar to that for uKf 
Example 3, with amino-modif ied poly (dimethyl siloxane) 
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The hydrophi 1 ici a at ion treatment solution having a 
composition rjiirnn in Table 5 was prepared. 



I^^a^le 5^ 



Components 


Composition 
(wt.%) 


Amino-modified poly (dimethyl 
siloxane) 


0.4 


Sulfuric acid 


0.05 


Isopropyl alcohol 


95.55 



The solution was prepared by the method similar to 
that £jo9 Example 4. Isopropyl alcohol was first well 
mixed with! amino-modified poly (dimethyl siloxane) added 



to. 



).0.4 wt.% as polymor concontynti on in the final 



solution. Then, sulfuric acid ao an inorganio o e id " was 



added to the above mixture to^0.05 wt.% M:i^ rDnnrntrntrrl 



)70.05 wt.% W 
A 

^\^^ f^^r^'^ ar^^ri i^nnrnntr^lri rm in the final solution^^nd 
uniformly dissolved thereir^^^^ prepare the surface 
modification solution. 

(1) Surface modification of polypropylene (PP) 
particles 

The PP particles used for Example 5 were 
spherical, having a diameter of 2 mnuA 

^^he PP particles were immersed in the above 
surface modification solution ^ an d then scooped up to 
be separated from the solution. The PP particles 
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coated with the treatment solution were put in a 
container 30 (FIG. 22), and hot wind was vigorously 
sent into the container, while &tirriri{!f the particles 
to prevent fusing t hese pa g tiolea with vwuli-uUiyi , in a 
5 manner similar to that *wr Example 3. These particles 
were treated during this step by evaporating the 
solvent and drying the particles, 
^^teference Example 

The untreated PP particles were used for Reference 
10 Example. 4. 

The treated surface conditions were evaluated by 
the following methods for the PP particles treated for 
surface modification (Example 5) and untreated^^^j^^E^iA^ 
(Reference Example 4). 
15 (1) Method for evaluating surface modification of the 
PP particles 

a) Evaluation by immersion in an aqueous solution of 
anionic dye 

The PP particles, prepared by Example 4 and 
20 untreated eae (Reference Example 4)^were immersed in a 
10% aqueous solution of C.I. Direct Blue 199 dye ag tho 
rminnic d y O j and then washed with pure water and dried-, 
to observe the washed conditions. 

b) Results of evaluation of the surface modification of 
25 the PP particles 

The following results were obtained by the 
evaluation tests by immersion in an aqueous solution of 0^ 
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anionic dye* 

The PP particles prepared by Example 5 remained 
lightly cyan In color derived from the dye ^ wh en 
immersed in a 10% aqueous solution of C.I. Direct Blue 
199 dye ac the anionio d y ej ^^and then washed with pure 
water and dried. 

By contrast, the untreated PP particles for 
Reference Example 4 returned back to the original color 
of whlte^ when immersed in a 10% aqueous solution of 
C.I. Direct Blue 199 dye^and then washed with pure 
water and dried, indicating that the agueoiis dye . 
solution was washed off and that a* was not compatible 
with the solution. 

As described above^ the PP particles prepared by 
Example 5, where surface-modified with 



poly (dimethyl siloxane) having^ aminp.; group as the 
functional group, remained lightly cyan in colo r^ wh en 
immersed in the aqueous dye solution and then washed 
with water, indicating that the amino-modif led 
poly (dimethyl siloxane) attached to the surfaces of the 
PP particle ^ ^ hen the solution containing the amino- 
modif led poly (dimethyl siloxane), acid and alcohol was 
spread over the surface and dried. In other words, the 
PP particles were coated with the amino-modif led 
poly (dimethyl siloxane)^ and surface-modified into the 
cationic PP particles by the amino group as a cationic 
group in the amino-modif led poly (dimethyl siloxane). 
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The PP particles, becoming cat ionic by the surface 
modification, reacted with the anionic dye in the 
aqueous anionic dye solution^to be colored. 

In the evaluation of the surface modification of 
5 the PP particles, cyan dye was used as the anionic dye. 
However, the PP particles can be colored differently 
depending on the dye used. This example used the PP 
particles of 2 mm in diameter. However, use of finer 
PP particles expands their surface area, possibly 
10 improving^ coloring ratio of the dye on the PP particles 
and hence producing ^^^htf* brighter particles. 

The colored PP particles can be used as tbe 
colorant to be dispersed in inkja when thoy 'are 



suf f iciently f ine . 

15 In Example 5, amino-modif ied poly (dimethyl 

siloxane) having amino group as a cationic functional 
group was used for modification of the water-repellent 
PP surface. However, it is considered that the PP 
surface can be surface-modified to be anionic, when a 

20 functional group other than a cationic fene; e.g., 

anionic functional group, is used as the functional 
substituent for the poly( dimethyl siloxane) section as 
the skeleton of amino-modif led poly (dimethyl siloxane). 
An anionic functional group may be used together with 

25 an alkali substance as the cleavage catalyst. Thus, it 
is considered that PP can be surface-modified to have 
desired properties for specific purposes by changing 



-so- 



lo 



15 



the functional substituent for the poly (dimethyl 
siloxane) section as the skeleton to be utilized for 
the surface deposition, depending on surface 
modification purposes. 
^Examples 6 and 'JJ^ 

Examples 6 and 7 applied the method of the present 
invention to a fibrous element of PP fibers for 
hydrophilic ii.Btim% treatment, in addition to Example 2 
for the element of PP/PE fibers. More ifouulULyiy, the 
element of PP fibers was formed into a rectangular 
parallelepiped, 2 by 2 by 3 cm in size, comprising thia 
PP fibers of 2 deniers in size. 

Two types of the hydrophilic iaatien treatment 
solution, each having a composition given in Table 5 or 
5, were prepared. 
[Table 6] 



Components 


Composition 
(wt.%) 


Polyoxyalkylene-poly( dimethyl 
siloxane) 


0.1 


Sulfuric acid 


0.0125 


Isopropyl alcohol 


99.8875 
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Components 


Composition 
(wt.%) 


Polyoxyalkylene-poly( dimethyl 
siloxane) 


0.1 


Sulfuric acid 


0.0125 


Isopropyl alcohol 


40.0 


pure water 


59.8875 



The second composition (for Example 7) was 
prepared by adding ^^fi^el^^antities of isopropyl 
alcohol and pure water, in this order, to the treatment 
solution for Example 2^ to have the above composition. 
This solution also contained sulfuric acid and 
polyoxyalkylene-poly( dimethyl siloxane) diluted 4 
times. 

The fibrous elements of PP fibers were 

hydrophilic ll g ntionj^L reat^^ a manner similar to that 

*er Example 2 for the fibrous element of PP/PE fibers^ 

^ . 

with the solution of the first composition containing 
isopropyl alcohol as the major solvent (Example 6) and 
with the solution of the second composition (Example 

^^eference Example 

The untreated fibrous element of PP/PE fibers was 
used for Reference Example 5. 

The fibrous element of PP/PE fibers for Reference 
Example 5, having water-repellent surfaces, was 
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surface-modified to h a ve hydrophilic surfaces both by 
Bxamples 5 and 7, as was the case with the ^ooe treated ^-^^^ 
by Example 2. In order to evaluate extent of 
hydrophilici*y, the fibrous elements Examples 6^ and 

7 and Reference Example 5 were slowly placed on 7 g of 
an aqueous ink solution (surface energy: 46 dyn/cm) 
held by a petri dish. 

The untreated fibrous element of PP/PB fibers foa^ 
Reference Example 5 was observed to float on the 
aqueous ink. By contrast, those for Examples 5 and 6 
absorbed the ink from their bottom surfaces/ 



►les 5 and 6 , ^ 
ts/ to clearly ffa^i^^^ 



different extents^ howevei ' . The fibrous element for 
Example 7 totally absorbed the ink in the petri dish, 
whereas the one for Example 6^almost tte half 

There was no significant difference between 4^ 
quantity of polyoxyalkylene-poly( dimethyl siloxane) 
coating the fibrous elements for Examples 6 and 7. The 
difference between these elements in ink-absorbing 
capacity conceivably resulted fromj|^f ference inj|^5€ent 
of^ orientation of the polymer itself. 

For example, the polymer . coating the PE/PP fibrous 
element for Example i u TO ttfe generally oriented, budbi^/^ 
partially disordered. Orientation of the polymer on 
the element for Example 7 was disordered to a much 

A 

smaller extent. 

It is considered that the hydr ophi 1 ic i g a t i qi> 
treatment with polyoxyalkylene-poly( dimethyl siloxane) 
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gives a denser, better oriented coating layer^^hen the 

treatment solution contains a solvent added to water^ 

SI 

in addition to isopropyl alcohol • The treatment 
solution preferably contains at least around 20% of 
5 isopropyl alcohol for uniformly wetting the surface. 

However, the surface may be well coated with a solution 
containing isopropyl alcohol at below 40% (content of 
40% is the level for the solution used in Example 7 ) . 
Isopropyl alcohol is evaporated faster than other 

10 solution components during the solvent 

evaporation/drying step, '^decreasing in content faster. 
When this phenomenon is taken into consideration, the 
surface can be coated well with a solution containing 
isopropyl alcohol at below 40%. Moreover, isopropyl 

15 alcohox content of below 40% is preferable fro™ iU ^>.i^ 
industrial safety. 

This invention provides an innovative surface 
modification method capable of performing^^esired 
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surface modification based on the new mechanism, whirfi 

iMj&A inj ozone, ultraviolet ray or the like for^^radicalj^ 

fogmat^oft to process an element for improved 

A/ 

properties, nor depends oi^^rimer coating (e.g., 
coating of a silane coupling agent) which may cauga. 
uneven CjKiuLlliC|. This invention also provides a 



25 treatment solution for the surface modification method, 
^^A^element produced by the method, andj^irface stiructure 
itself obtained by the surface modification. 
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In particular, the surface modification method of 
the present invention tries to give an element surface 
desired functions and/or characteristics of the 
surface-modifying polymer by orienting the functional 
5 group contained in the polymer at the molecular level. 
It can effectively modify an element^ complex 
surfaces, e.g. ,^ element! inner wall surfaces of complex 
shapes having hollows or voids. Modification by 
orientation at the molecular level can greatly reduce a 
10 required quantity of the modifier. For example, the 
present invention can uniformly and continuously 
hydrophiliciee surfaces of polyolef in-based resins 
finding wide use, e.g., polyethylene and polypropylene. 
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ABSTRACT OF THE DISCLOSURE 

A surface reforming method capable of efficiently 
carrying out a sustainablej^reforming treatment mronljr 
on a prescribed surface part of an element, a surface 
treatment liquid to be employed for the abov^^fescribed 
method, and an element having a reformed surface 
treated by the abov€(S»escribed method, a^'^^ffe of 
an element t o. hp rafnrm a d u u mpu>!>luy JC Ifedtjt a ' paYT ' g!f 
t h e uuffume ul u pi t i a mi u au y iyiiiyi i f-l s subjected to the 
reforming treatment by providing the object surface 
with a polymer, which is different from a constituent 
material of the objet surface and comprises a first 
part having a functional group and a second part having 
an inter facial energy different from that of the 
functional group and approximately equal to the surface 
energy of the object surface and orienting the second 
part of the ahnvft fif^rorlhod polymer toward the object 
surface and orienting the first part in th^^^Sle^^^ 
different from the object surface. 



